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Preface

Modern geodesic instrument construction covers a wide range
of sudbjects associated with the design and development of
manufacturing processes, manufacture and asserbly, and almso with the
development of methods of adjustment and inspection procedures.

Amongst existing designs at precision levels, types NB-2
and Ni-0O4 satisfy modurn requirements whilst conventional preciamion
theodoljtes and universal instruments (types TT-2/6 snd AU 2/10)
require modernisation. New types of precision ontical theodolites
are now bairg developnd.

The most widely used of the exiscing deaigns is theodolite
type 0T-02, which i8 light in weight, small in size, hermetically
sealed and at the same time of high accuracy. It is suitadle for

use in forests, mountains and inaccensible regions, for topographical

geodesic work and in many other branches of the national ecouomy.
In recent years a considerable number of optical theodol:tes

type OT-02 have been supplied for topographical geodesic work.

These instruments are also used by other oréaniaations. and so it

was considered necessary to revige the book Hiph-Precision Optical

Theodelites, first published ‘n 1954, 1t ie a practical handbook

on the ascembly and adjustment of these instrumonts.

rxperience of the menufacture of the precision optical
theodolite type OT-02 indicates tuat tLe corresponding ranufecturing
instructions must be scrictly obsarved in making the components and
in assembling the instrument 80 that it meets the stringent
technical requirements which apply to it.

This book describes the fundaiientals of the asserbly,

dismantling and adjustment of precision optical theodolites types
==



CT-02 and ThB. It describes the ranufacture of parts of the axial
system and the study of aberrations in the telescope optical system.
Rules for the care of high-precision optical theodolites are given.

The following additione have teen made in tne second edition
of the took:

(a) Chapter 3 describes the testing und investigution of the
optical micrometer and also irnvestigation of the optical theodolite
dials;

(b) Chapters 4 and 7 give the theoretical fundamentals of
the individusl processes for adijusting tue optical systems of types
0T-02 and ThB theodolites.

The author hopes that the book can serve as a textbook not
only for specialicts in geodesic instrument manufacture, but also
for students in reodesic colleges, taking courses in aprlied optics

and geodesic instrumentation.
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Introduction

Theodolites types 0T-02 and ThB have considerable advantages
over the triangulation theodolites and universal instruments types
TT 2°/6" and AU 2"/10", namely: they are small, hermetically
sealed, comparatively light and more convenient for observations,
which speeds up the work and makes them more suituble for use in
inaccessidble, mountainous and remote districts.

Optical theodolite tyre CT-02, manufactured by the

Aerogeoinstrumert works is used in high-class triangulation, and

it can also be used for clars 3 astronomicsl observation. Recently,
it has alro been used in nachine-tool manufacture to determine

the errcr in tlie tooth-pitch of rrecision gear wheels and for other
angular measurements.

In order to work with these precision optical theodolites
it is necesnary to understand their construction, and the function
and errangement of the individual cormponents and assemblics, the
optical sys*ters and the path of li,ut through them, and also the
inspection and adjustment of the assgemblies and of the instrument
08 a whcle,

Precision optical theodolites contain about 70 optical parts,
which 18 just about 10% of all the parts of the instrument.
Therefore the quality of the instrument depends not only on the
optics but also on the quality of manufacture snd the uassembly of
the mecuanical »arts.

In instruments such as high-precision optical theodolites
adjustment is a comnlicated process which includes the fittirg of
the optical and mechanical prarts, and insrecting assemblier and the

instrument as a whole in accordence with the drswings and technical

requirernents. -

-



FART 1

OPTICAL THEODCLITE TYPE OT-02



Chapter 1
GENERAL INPORMATION

In optical theodolites the horizontal and the vertical dials
are made of optical glass and “he opt:ical systems of the horigontal
and vertical dial microscopes transmit images of diametrically
opposite dial graduation lines to the field of the reading
microacope. The instrument has a single optical micrometer in place
of several microscopce-micrometers.

Optical theodolite type OT-0C2 is a precision geodesic
instrument. Its special feature is that the images of the graduatiam
lines of the horizontal and vertical dials are transmitted through
the optica. systems of the objectives of the horizontal and vertical
dial microscopes to the single field of visic: of the reading
microscope, which has ite eyepiece alongside that of the telescope.
The readings are made on a single optical micrometer of which the
seconds disc is calibratrd at 0.2" per division. The telescope is
of the sstronomical type, straight, central, and with internal
focussing. The instrument can operate normally over a temperature
range of =25 to +50°C. Electric lighting is provided.

The instrument case is8 233 mm in diameter and 420 mm high.
Without the centering plate the instrument weighs 10.8 kg , the
instrument complete with case weighs 14,8 kg , the tripod weighs
8 kg and the centering plate 4.18 kg.

The theodolite is provided with the following set of

accessorien:



Illuminating mirror; 2

Electric lamp; 2

Eyepiece cup with light filter of glass TS-3; 1
Interchangeable eyepieces to give telescope magnification of 40 x
and 24 x; 2

Electrical plug-socket: 1

Cover for telescope objective: 1

Centering plate with centering device; 1
Tripod; 1

¥etal case; 1

Attachment for carrying instrument; 1

Handle; 1

Plumb line with cord and board; 1

Spanner for tripod; 1

Tommy-bar for stand screw; 1

Screwdriver, watchmaker's; 1

Screwdriver with wooden handle; 1

Straight and bent pins; 2

hdjustable spunner; I

to

'\‘QL\
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ueh for cleaning cpiticul par

flannel cloth 200 x 20C mm; 1
Bottle of instrument lubricant; 1
Flectric lamp; 10

Instrument cover of hard thin cloth; 1

Canvae bag for centering platec and ncceseorieay 1

Canvas cover for tripod head; 1



1. The theodolite

Optical theodolite type OT-02 consists of three main
interconnected parts: the lower, middle and upper (the telescope
and horizontal axis). The riddle part of the theodolite is
attached to the upper part by screws, and to the lower rart by
a screw thread in the stand and or the nounting of the dial
alicade prisms.

A general view of optical theodolite type CT-02 on its
centerine nlate A 1is e#iven in Fig.7. The base plate . serves
as 8 bace for the levelling screws. 1t is secured to the trirod
by 8 fixing screw and to the centering plate by a special screw.

Lower part of the theodolite

The principal comronent of the lower part is the carrier 4
(Pig.1). The levelling screws 2 serve to adjust the verticsal axis
of the instrumen® over tnhe plummet. Tne travel of the levelling
acrews is controlled by the screws 3. The mounting 7 of the
condenser and illuminating priem for the horizontal dial and also
a8 plug-socket are attached to the bere of the carrier. Attached
to the carrier opposite the liphtine riism is a mounting for the

intercrangeable lighting systems (mirror and electrical).
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mounting vl the alldade
of the horizontal dial microscore ohbhjective. The horizontal dial
is attuched 'y Zour snecial clamps to tue Gial busn, whicu can
rotate.

Under the protective cover S is a knob which is secured to

tne sume spindle ar a pear which veshes with tihe gear on the disal



tush, so that the dial rotates wher. the VYnob is turned.
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Fig. 1. Cotical thendnlite type 01.02

1 - base plate; 7 - Ievell\n? screws; - ad;ustun? screws; & - carrter: 5 < protective cover for wngd
of pinion v ich sets marizontal s o altymination merrer: 12 ey rting O‘Vl']u.|"1‘ riprice of

horrzontal ¢ral, 5 - shicang contact, 3 - Togwins screw “or clasn of "orzental 1ol g vdJTe, IS Es
justing screv for rorrzeatal ol allaage; 1. Telescie sivtiry oo st serew; - level sitting
screw }ar the yertical 2130 10 o solector anod; de - dewe! tor rorig sty ngt owordade 1L - rptical
microeeter knon; I - mice acter tearing; 17 - level 4or vertical giar \ci‘v; - werticgl turntanie
Pousiprg; 17 - 60 cne fazussing ming eyritole founoing rr LRI T, ST S INEWL '.'r(v‘
- zraticule v ilusratey mirror wanchs N orwctrve lens of verbrcal e o e, fe e rlbaning
Yovel ~rism; 3 - restiny mrcraccore, oo bowil ity screw f o werticgl turnttle, b oo contering
late,
The vertical exis of the ins‘rument is sccured to the stand.
A cottued ring ard @l aErice slerye giiel Sixed Y@ Ric CrEpos poFE f

the c.rricer. Tie clamping ring carries tue alidude clump of the

horizontel «¢ial w~ith adjusting screws 10 and locking screws 9.

Middle part of theodolite

The stand, with 1ts two uprights, is8 the principal component
of the middle part of the theodolite. The lower part of it

carries the following: the level for the horizontal dial 14,



the swivelling prism (with mounting) of the objective system of the
horizont.l dial microscope; on tne left (with circle-left, or CL)
the swivelling prism of the objective system of the vertical dial
microscope in 1ts mounting, the obJjective lens of the vertical dial
wicroscope 23 in its mounting, the level setting screw for the
vertical dial 12; to the right (with circ.e-right or CR) the
telescope sighting adjustment screw 11, the selector prism in its
mounting with the knob 13 and cover glass. The image of the
sraducticns ¢f the harisantal or of the verticul dial is selected
by turning the knob 13,

Upper part of the theodolite (telescope with horizontal axis)

Tble 18 the most comrlicated part of the instrument in both
manufacture and assermbly. The composite horizontal axis of the
instrument 18 c¢cylindrical and hollow. The ‘elescope turns
cylindrical Yecaringn., The nrinecinal corponent and Joinlng link of
the upper part of the theodolite is the telescope socket. 7The
telescopoe oand tue reading microascope 2?5 are attached to tue teles-
cope socket which also holds the clamp and knob of the graticule

lighting mirror 22.

The bearings are screwed to tue instrument stand. The

right-hand bearing 16 contains an oprical miciuiLé
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alidade prisms o which 48 secured the clamr of the vertical dial
alidsde leve!. The vertical dial aiidade 18 turned ty Lue adjus
screw 12,

The principle of combining the images of the two opposite
ends of the level bubble is used Lo adjust theo tubble to the

central position. The coinciding ends of the budble are observed



through a rotating level nrism 24,
The position of the zenith is altered by the telescope
sighting adjustrent acrew 11, the level setting screw for the

ver+tical dial 72 a~nd tue level adiustine screw 26

-

Tre vertical dianl, which {a screwed to the telescope socket
ia at*tached tn the frare of the vertical turntablie 18,

The imuge of tli- teleccore graticule is focussec by turning
tue focursine rinc of tne everniece 20 and the main obJjest is brought
intou focus v turninc tie *eleccore focuasine ring 19, The
collimution error ie cor:ected by adiusting the graticule - ocition
with tiree acrewec. Tie ‘elescore praticule liphtirg 18 adjurted
by turning tie lightine mirror knob 22.

For as*ronomical otrcervations *ne instrument ic provided with

a dark rlage filter which fites onto the telescone eyeplece.

Levelq

Theodoli*e “7T=N" has *wo levels., The level for the norizonta

dial alidade i3 mounted in the theodolite base ard serves to bdbring
the centre-line of the instrument over the plummet position.
Levelling 18 adjusted by a screw on the side of the vertical dial.
Tre calibration of the level 48 6 - " " per 2 mm. The level for the
vertical axrael alicade 18 cornec ed to tne dial, its calibration is

-
- ®

keadinx the dials

The field of vieion of the reading microscope is illust ated
in Pig.2. The horizontal dial is read as follows; the micrometer
knob i1s turned until the imsges of the dial greduations coincide
eccurately, and tren the degrees and minutes (1Q020‘) are reasd on

the upper scale; the resding 20.07 is obtained on the (lower)



"seconds” scale which, being multiplied by 2, gives 30".14, The
complete reading is therefore 18°20'40" .18, Por greatsr accuracy

the dial is adjusted and read twice and the sum of the two readings

on the seconds ecale pgives the final result.

Example
Reading on upper scale 156038'
First reading on seconds scale 40.27
Second reading on seconds scale 40,21
Tctel readine 1562391 20" .48

The method of taking readings on the vertical dial is similar
to that des~ribed (but it should be borne in mind that diametrically

oprosite graduation mar¥s on the vertical dial are numbered the same

okl nr
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Fig. 2. Field of viston of reading sicroscope of theodolite type 01-07

The angle of slope is obtained as the differerce between
resdings vhen approaching from circie left {CL) and from cime right

(CR) and not the half-difference as in ordinary instruments, i.e.

11



a = CL - CR

an? the zenith distancey are calculated by the fornula

M, = CR + o - 180°

The reusson for this is as follows: the intervals between
rsraduntions on the vertical and horizontal dials are divided into
*ifteen equal norts, The intervul between ad‘acent greduations of
the vertical dial 1s 8', which is double the :nterval on the
horizon*tal divl. Therefore the whole-integer part of the reading
on tne verticul cial is divided vy two in advance, 1.e. 0,7,Z... 18
written in place of O0,2,4... Consequently, the difference between
readings ta¥en when the *elescope axis is aimed at the upper and
lower points is half tle actual angle, end the sngle Of slope is the
differernce tetween the reudings. Thie 18 a 4irec.ul feature of

rueodolite COT-02.

2. Cptical system

T..e optical system of the theodolite (FPig.3) consists of the
ontical esystems of: (a) the telescope (b) the objective of the '

horirzon*al diul microscope (c¢c) the objective o>f the vertical dial

L
(¢}
Fb

> e croacter (‘3) rha regfjing microacone (f) the

microwncupe

S,

P
(a8
[ S04
)<

rortzonta. andé verticel o

™ a *aleecope ontical syvatem consists of an objective, the

7

creticule, 'nd one of Lhreve lnleicChargeable cyeypliccee,
The princiral characteristics of tne telegcone are as

follows:



Tube length 265 mm

Magnification 28 x 30 x 40 x
Angle of vision 1%0', 1°20* ana 1°
Eyepiece lens aperture 2.5oam, 2.0mm and 1.5mm

Ecuivalent focal length of odbjective 350 mm
Free aperture of objective 60 mm
Resolving power of objective o" .4
Angular distance of graticule bisectaxr 35"

Pocussing range from 5m to infinit;-.

The telescope objective consists of the objective proper
(three lenses 35, 36 and 37 in Pig.3) and a double-lens focussing
component 38. The graticule consists of two plane-parallel plates
39 and 40 cemented together, one of which carries the hair-lines
and the other the diaphragm. The interchangeabhle eyepieces 41 are
symmetrical and contain four lenses, their focal lengths are 18 .6mm,
1.7 om and 8.6 mm,

The optical system of the horizontal dial microscope
ohjective consists of the horizontal dial lighting éyetom, the
alidade prisms 19, 21, an objective with four-times magnification
22,23, and the adjustable prism 24,

The horizontal dial liehting system includes: a prism 17,

a condenser 18, slidade prisms 19,21 for each side of the dial, which

padue v @mel isopt el L AE e nid ekl =

-~ .- LR TR
- - el o

- “rnA . -
Lo & GO Lot whie Ads)

aré < ucte SN big | died oris
images can be transmitted through objectives 22, 23 of the
horizontal dial microscops. The horizontal snd vertical dials are
1it either by mirrora 6 which can be rotated about vertical and
horizontal axes (Fig.1) or by electric lighting. The e-zonds disc

of the optica)l micrometer is lightea together with tue dials.
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Fig, 3. clatram of (otrical systom of thendzlite typge fo )

The optical symtem of the vertical dial microscope objective

consists of tnhe verticnil da:al light:npg system, the alidade rrisms
£,1C,an obger=ive Wwith three-tiree rgenificution 11,732, an

The verticul diasl lighting system includes tuhe prisms 5,6,

a condenser 7 and alidace 1ricma 8,70, which, like tne horizontal

dial optical system, is cons ruc*ted so that *“he diul crsadusations can

be 11t and their images can be transmitted through the first

14



component of the vertical dial microscope objective 11. Prisms 1
and 2, which tranamit light to a metal mirrcr which lights the
graticule, are assembled together with the vertical dial lighting
system,

"he micrometer optical srstem is constructed in such a way
thiat the images nf the craduationms oY the horizontal and vertical
dials and those of the graduations of the seconds disc and of the
micrometer index appear on a single plane in which they are
observed through the reading microscope (30, 31, 32, Pig.3).

The micrometer optical systen consists of pl. e-parallel
plates 25, a8 separating unit 26,27, & prism 28 which transmits the
images of the dial graduations, the seconde disc 33, and the
illuminating prierm 34,

The reading microscope consists of the collecting lens 29,
the reading microscope prism 30, the objective 31, and the eyeplece
32. The reading microscope is common to the optical systems of the
microscope objectives of the horizontal and vertical dials, "ecause
both objectives give ireges in the plane of the separating unit 26,
27. The magnification of the reading microscope is 9.3 x and the
overall magnification of the microscope for the horizontal dial is
37 x &and for the vertical dial 28 x . The field of vision of the

reading microscore is 8 mn x 3.8 mm which corresponds to 1°30* on

the horizontsl dial anc 3°20' on the vertical dial. The distance
from the microscore objective lens to tue horizontal dial is 25.5 mm
and to the vertical dial 25.0 mn. The diameter of the objective
lens is 1.7 mm for the horizontal dial snd 1.6 mm for thLe vertical.
Tie horizontal and vertical dials of theodolite type OT-02

ere made of outical glass grade FK-10, ard very strict requiremer:s

19



ayply to them. The lirht beam wiich is reflected from the dial
culibrations passes through the dials whose faces must, therefore,
tepurallel. The angle betw. en the faces of t:e horizontal dial
muct not exceed 2 seconds and the quality of its surfaces i=
craracterized bv the values AN = 0.3, N = 1, wnere AN 18 the
tolerauted deviation of the s.rface from t..at of a sphere 2r plane
(locnl error) and N {8 ‘':e tolersted deviation of tne radius of
the surfuce of the part from the radii.sg of the test glass or
tolerated srhericity of the plane s.rface exrresred as the nunber
of interference rings. The s.rfuce finish of the diarmeters on which
the graduations and numters are marved is of Class 1.

The diasl praduations are rade with a precision circular
dividing machine, Before calibration tie glaass is coated with wax,
the ruchine zutter plercen the wix ¢0 the glaascs, which is ¢then
etched. The diamoter of the circle on which the pradua*ions are
mnide, measured to *he lower end of the cslitratiors, is 135 mm for
the horizontal uial and ©0O mn for the verticanl; the smallest
divisions of the dials are: horizontsl 4' uand vertical &'; the
thickness of the dial gradua'ions is horizortal 6 - 7 microns and

vertical 7 - B microns.

The dial surfaces on wiich the eraucduetions are marked are

silvered to imrrove re flection and are provided with a rrotective

coatine. M a tata) nrrvar nf Atarater of the haordi nrntu) dial e not
freater <%han + 1,5", and of the ver%ical dial, r. ' yreater than
1 2.511.

Ceconds disc

The scconds disc 18 made of optical glasa and is 2’2 mm 1n

diagmeter and 2 rr thick. The diumeter of the circle on which the

16



graduations are made is 20 mm, measured to the inner ends of the
graduations., In the d3iac there is a hole 8 mm diameter for the cam
shaft. Graduations sre rurked on the arc of the disc over an angle
of 3500, this angle 13 divided !nto 600 parts, every tenth diviaion
of which 4is numbered from 1 to 60. In addition, there are four

lines marked on both sides of the working part of the disc. Tue

width of the lines on the seconds disc is 0.01 + 0.002 mm.

Microscopes and path of light

Mo~ 4
(VAVIVYS PN

(¢

6r firs' tue palb of tuhe light in vtne norizonial Gial
microscope (Fig.3). 1Light from the electric lamp, or light
reflected from the mirror, falls on the prism 17, passes through
the condenser 18, and on to the prism 19, and then through prism 21
to the Jdiametrically opposite part of the dial and illuminates the
graduations of the horizontal dial 20.

The path of light in the alidade prisms is shown in Fig.4.
Light from the i1lluminated images of the opposite parts of the dial
passes through the alidade prisms 21 (Fig.3) to the first component
22 of the objective sand then to the snecond component 22 and fur'her
to the swivelling priesm 24 and to the opticnl micrometer (meanwhile
t..e selector prism 15 is not in use).

In the optical micirometer the light passes turough the
planc-pai._.lel rlates 25 to tue separating unit 26,27, which
separates by a fine line the opposite fields of the dial graduation
images, here part of the light passes through the illuminating prisms
24 of the seconde disc.

The collecting lens of the reading microscope 29 receives
light from diametricelly opposite graduations of the dial through

prism 28 and light from the graduation images of the meconds disc.



After passing throurh *le collector lens 22 the light passes through
the priam of the resading microscore 30, the objective 21, and the

rending microsc ope eveniece 322,
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Flo, &, Patn of 1% in **e alica‘e prise

The path of light in the verticanl dial microscope is as
follows (Fig.%): 1lisght from the electric lamp, or lirht reflected

from the mirror, reaches the rriem & and *lience pasges through the

icm # =2nd throurch the alidade prism
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prism 6 ancd cordencser 7 %o the 1
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f the vertical disl are 1lit.

Furtner, light from <re reflected inuwes cof dismetricully
opposite parts of the vertical dis! passeg throurh the alldade
prisms 1C and resches the firsat ccmyorent 11 of the microscore
objective, then rasrces ¢ rourh the swivelling pricm 12 to the second
comronent 13 and thro ¢h t:.e cover 7liucc T4 to the select r rrisno
15. Possing thro.rh the selector prism 15 the licht from
dismetrically opresite -radun+icneg of the vert:cal diul reacues the
optical micromeser, Tre path Hf the lieht in tre optical micrometer

and in the readire micr ccore has bhrern descritbed atove.



3. System of axes

The horizontal axis system of the instrument (Pig.5)
includes the following parts: the bearing for the vertical
turntable 23, the vertical turntable housing 18, the telescope
socket 28 and the micrometer bearing 16.

The vertical turntable housing 18 (Pig.5) and the telescope
28 are connected by internal cylindrical surfaces; at one sand they
are in contact with tne cylindrical bearing surface of the vertical
turntabdble 29 and at the other with the cylindrical bearing surface
of the micrometer 16,

The cylindrical surfaces of the rmounting of the vertical-dial
alidade prisms run in the bearing of the vertical turntable, sand in
the asrembled system of the horizontal axis the slidade part of the
mounting lies inside the vertical turntable housing.

The vertical axis of the instrument (Fig.6) includes the
following components: the vertical axis 4, the vertical shaft main
bearing (tribrach) 5 and the dial bush 6. 7The dial is mounted
separately from the alidade axis, "ne dial runs in tne dial busa 6,
the alidade axis is tie vertical shaft 4 and the vertical shaft
main bearing 5 is located between them.

Mountings 1 and 2 of the objective components of the
horizontasl dial microscope (Pig.6) asre located in the mounting of
the dial ulidade priems 3 in which tney are secured by locking
screws after adjustment. The mounting of the dial alidade prisms

is8 inside the vertical axis and is screwed to the instrument stand

by a thresd cut on ite cylindricsal part.
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The vertical axis 18 sclf-adjusting, and cylindricusl with a
bull-thirust vesrirg on the conical paurt of the verticol siaft rmair
teonrine wilch i fixed to <r.e ntand Y four screws. T..e ver-ical
a. uft waln Lenring is atcacked te % cuprcier bYy serews in half-rings
The half-rincs rur in the w-nular slot - f %he dial hurh and,
*herefore, *uet are Leld atov: the torizontal dia) »lidsde prrism
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Fig. 5. The horizonta) amrs systes
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4. Optical micrometer

The optical micrometer takes resdings of the horirzontal and
vertical dials. The horizontal dial is graduated every four
minutes, the seconds dial of the micrometer has 600 ¢divisions and
one revolution of the seconde disc corresronds to 2' and therefore
the calibration of the reconds disc 41s 0.2" per division. The
optical micrometer (Fig.7) is constructed as follows: three rain
parts are fixed to the micrometer housing 1; (a) the spiral
assembly; (b) the micrometer bridce and (c) the lever bridge. The
spiral assembtly consists of the cam-shaft 2, the seconds disc 3,
the cam &, ard the micrometer knob 15 (Fig.1). The seconds disc is
attached to the cam shaft by nute ard washers. "he cem shaft fits
in a hole in the cam and is secured by a screw. The cylind:iicsl
pa:t of the cam on which the spir .l ier cut runs ir a hole in the
eicrometer housing; the micrometer knob is screwed tn the thraadad
part of the cam (from tre face side of the micrometer housing ) send

is8 locked by a screw.

e n*r' N M‘T!'

\ ,.;ul.')

\' L..thut.UEUi-E

Fig, 1, Optical aicrometer

| - afcrosater housing; a - spirs) assesdly; b - eicroseter bridge; ¢ - lever bridge.
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the prism whie!, © namits the lpages of tne dial gréacusticns <&,

the lirh®ing rriem for the scc.nds disc M und *he collecting lens

Tue lever bridre !s 8180 securec by screws to the micrometer
hcusing. At one end the microme®.r l-vers run in holes ir t.e lever
oricge housi:p ap® i tEe abfer in Reles da ke rlcwoseloer Eewsings
Tie microre<pr lavers carry {ene-parallel pluated ird ;bhelr Erivire
vins run in *he rmicrometer carm sfpiral.

The ~icrome%er oreratec ag follows: {» *akir.- a dial readinc
tue ims es of dlare-trically orrori®e ~raduatiores ¢f 'hLe dial rust be
rade to colncicde. This {s done by turnine *le nicrometer +rob which
‘urrs tuae spiral and the seconds disc. The ' 1 fu.ce pinc tuen
rer LR Wle Briraly wifon She nesitl nglof gl loudee grdl &4 Eise
r\_n_no_;nnrq"nl rlatoc wiiah nea da sy L) € s v V=S + Crar b p

diame*ricuolly orprosite dial rraduaticna. 45 tue rlune-parullel
rlates are at an sngle *te lignt 18 deflected vrt:l the imopes of
the diametrically orrosite dinl rre Lns .0 co'rnclae. wlen tie
Inase s navd l coine: ged refalncs aEe = wrn | fren’ thee! aaal | und the

~cconds disc.



Chapter 2
A RRIEP DESCRIPTION CP THEODOLITE ASSEMBLY

5. Manufacture of axial systems

A description of the process of assembling an optical
theodolite would be very long and, tuerefore, we describe only the
assenbly of the main sub-asremblies und the preliminary assembly of
the instrurcent.

The most important metal parts and comronents of the
tbaodolite are the vertical and horizontal axis systems. Manufactum
of the parts of tier horizontal axis is 8 complicated process which
calls fcr great accuracy in order that the parts shall fit on

asserbly. Manufacture of the corponents of the vertical axie (the
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complicated procesr in which particular attention must be paid to
grinding and lapping in.

The requirements which apply to the components sre very
severe, for exanmple, the eccentricity of the dial-besring part of
the dial bush relstive to the centre line of the part should not
exceed 0.00”° mr and the cllarances between the axis and its main
bearing and between the main bearing arnd the dial bush should not

exceoed 0,002 mn.

The axis and main bearing are nade of steel grade 38 KhMYuA
and their general method of manufacture is as follows. The blanks
are annealed at a8 *temrersture of 920-850°C for three hours and are

tnen coolrd in the furnace to 400°C. They are rough machined



leavirs an sllowance of °-5 rrm und are then heat treanted by
ardening at CSOOC using o1l and .uver ns the cooling medium and
*errering at 600°C - 650°C usine air as cooling redium. The hard-
necs on the KC scule should be not lese thun 23, After heat
‘reatrent, parts are finieh rmachined excert for rlaces which require
crinding with an allowuance of 0,¢-0.7 mn., The *elescope socket is
articularly difficult to @ wcline,

The comronents are ¢ .on civer a stubilisirr~ *empering at
oH7C for six lLours wi*h cooling in the furnace to relieve stresses
ned to nrevent rubgsequent atrain, Jurfoaces recuirine it are then
‘r-urd with an allowance of 0,” rrm on %'.e disreter; thev tre
Aaillied y tope s LLreuds aFe Uk, @t .

Ircsective coutings are aprlied to tie teleocope socket and
to the ver*ical turntable haus.ng st plucer which should not te
nitrided :nd local nitriding 18 ther avpvlied. NLitriding pives a
curfale Lardresy O HDOUT =4 on the R“ scule nnd “he depthh of the
ritrided layer is 0.5 2. Tire rarts are then puinted and finish
cround ~itn allowance for lajringe.

The parts are oirain curefully irsiected after the final
crinding as aligenment urnd varallelirm tolerancee« for surfaces are
often of the -rder of 0.001-0,002 ~m. The increc’'ed rorts are nade
up into sets.

“fter finieh rrindine of the Loles (tue telesccpe socret,

“re veortical *urnta*le lousing, the v-rtical axis r in beuring and

dilal bushes) trher .re lap:ed ith suitable ret-rials ond checved for
nlirnment and cccentricity. (nly tuen I: the turrntable leuring
wrfuce finish cround with ¢e vertical turntaltle liousing, tue

microrvter 'oaring with t.e *ulercope scocket ord the verticsl axis

4 L ka
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with its main dearing, leaving lapping allowances. Tue parts are
then lapred with emerien from No.160 to No.2&0.

The bearings and vertical axis of the instrument are finally
polished to mirror finish with a paste containing chromium oxide.
After lapping, the axial systems are made up into sets and finally

inspected for clearances, alignments, quality of lapping, etc.

€. Assembly of lower part of theodolite

The process of assembling the lower part of the theodolite,
likxe that of the other parts, consiots of preliminary assembly
before the parts have been finished and final assembly afterwards.
The object of the preliminary ancembly ies to match the parts and to
seat them to one snother., The carrier base is secured to the
carrier by screws and then the carrier is mounted in a lathe and 1ips
screwed on to the mounting thread which is held in the lathe chuck,
then holes are turned in the bottom of the carrier and a rirg is cut
under the mounting of the illuminating prism and condenser.

The clamping sleeve is screwed on to the carrier, the alidade
clamp of the horizontal dial is sscembled and the clamp is lapped
with the clamp bush. When the levelling screws are assembled their
threads are lapped to give smooth runnirg. The mechanisms for
moving the dials and the illuminatine sleeve and contact are at ichad
to the carrier.

The lenses of the horizontal dial microscope objective are
rolled into their mounting on a lathe with special fittings. The
slots in the mountinge of tlie alidade prisms of the horizontal dials

are matched to the prisms, drilled and holes a~e cut under the lock

and adjusting screws. The arsembliss are then dismsntled, marked



with the number of the car:rier, and sert for platirp srd painting,

After the conronente have been finished the adjiusting plate,
the levelling screws, the horizen*al dial nlidade clanmp, the
{1luninatir ¢ rleeve witiu contnect r.d ('her sub-nace~tlies ure
finslly a-serbled,

Drills =»re pa <ed throusrh holea in the vertical axigy maln
tearing t., rark out ard dril! holes in tiie cuarr.ier, holes uncer the
gcrew=threads in tue Lalf-ri- s whici form the tearirng for the dig)
rleeve, a8rd alan t.readns are cut in the half-rings under the screws
to secure thne vertical axia main bearing ¢ the carrier and to the
half-rings.

Twe contac*' 1ins ard clanning alecve are attached to the
carrier, tne electrical rarts are asse~bled, *he plu- socket und
mounting with lighting prier and condenser are attacltied t: ‘*lie

bottcm of the carrier.

7. Acsembly of the centre part
of the theodclite

‘reliminary assembly of *he cerntre purt of tne theodolite
consists in matching the mouatings for the optical componerts, 1in
fitting the assemblies on the s'.,1d, in luprine the *+-.-ccope
adiugting acrews arnd the level-se*tire ccrew to ensure smootu
rurning ond in acgenbly of the alidade levels ¢f the norizontal
dial., The rositions of the Loles urd. r % tiread for the screws
which fix the vertical sxis ¢ . the irstrument stard are rorkec out
@y laten @xilled dilpoufh! kolés iR %ie We:iical @X.8.

To mar¥ out the holea *he -ournting of tle alidade rricus is

-

inserted in the ver'icsrl axie and *iren *:e mow tinc and uxis

:.’(i



together are screwed into the stand. Marking out of the holes to
be drilled in *be stand 1s done with a drill which runs through
and fits the holes in the vertical axis. After the holes have been
tapred the vertical axis is secured to the estand by four screws
end the alignment is checked by screwing the mounting for the
horizontal dial alidade prisms into the atand.

Holes in the swivelling prism of the horizontal dial
microecope are used to marv out, drill and tap the holes for the
screws which fix t:e iounting to the stard. The rounting with the
prism is then fittecd in the stand. The puide plate is secured to
the alidade guide. The dial image selector mechanism is assemdled
on the wall of the right-hand upright of the stand. Holes for the
screws which secure the wall to the stand are marked out through
holer in the walls, and *len drilled and tapped snd then the
gelector prism ir fi{*ted Aand the wall with the ceclcetor SiCubininu
is fixed in the rignt-hand upright of the stand (CL) by screws.

A mounting with cover glass 1s screwed to the other side of this
column,

The screw which sets the vertical turntable leval is
assembled on the left-hand upright and the telescope adjustmert screw
on the right-hand one.

The horizontal diasl alidade level in its mounting is fixed to
the lower part of the stand in such & way that the level adjustment
screw 18 on the left-hand upright to which the mounting of the
swivelling prism of the vertical dial microscope 12 hag previouely

been fitted and the mourting for tte components of *he vertical dial

microscope objective 13 (Fig.2) are screwed in,



8. Assembly of the up;e~r part of the
theodolize

This rart of *he instrument is the most difficult to
manufacture and asserble. The principal components of the urper
part of the theodolite are: the horizon<.al axis svstem, the
*elegscope, the optical microreter, *ne alidade level of the vertical
turntable, the telescope clamp and the readiny rnicroscope.

Irelimirnary ascerbly cornaists 4n larping the *elescnpe
gentire in the telercope socket until ‘e hole in the telescope
witll 18 opposite the btearirg «f the vertical turntatle. The
‘elescope clomp i3 lutped In 1ts seating and *the rounting of the
focuseing corronent «f the ‘'elescore otbtjective 1s lar:red in after
wiich the focussing lens (focussing cocyponent) is fixed in its
rmountine.,

he telescope is finally fixed in itrs socket, the cqsirg 1is
f1*ed on 4t und t.en the 'occlinninm wh ch movea the focumraine lenn
rour.ting is arcertled. T:iis consists of a threaded slide block and
feccumsing ring, then the s+tirrup which secures the :1cading microscope
to the telescore fa fitted, the mountine with the graticule
adlusting oecrewn ip fitted and the eyeniece ia ecrewed in. PFinally,
the *eleacore is adiusted nnd aacerbled.

iiloleg are cut {r ¢he clumr of the vertical dial snlidade levels
at the diameter of beuring of the mountinys for the vertical dial
nlidade prisms. The liyhtine mounting is fitted, after wn:ch the
‘rane with level und yrrism systerm which +*ranemits the imac-e of the
ends of the bubble is fixed to the level clamp.

T™ie first corporernt of the microscore obiwctive 11 (see

Fig.2) tn 1te rounting i3 first {r-*ulled in the mounting of the

2y



vertical diasl alicade prisms, and then the alidade prisms 10 are
pre-assembled and are secured by screws to the mounting for the
condenser 7, the lighting prism 6 and the msm 2. The components
are previously wired, the electric wire is passed througrh the base
and the turntable bsaring.

™ne prism cf the reading microscope 30 is fitted in its
mounting and fitted into the feleacope socket. Finally the resding
microscope is assembled, passed through the stirrup and screwed
into %he telescope socket. All the upper part'of the theodolite is

finally asnembled after adjustment.

9. Assenbly of the optical micrometer

Ascembly of tle opticsl micrometer commences with fitting of

the lever Lridges in the micrometer mounting. The holes under the
cam are lapred to ens:ure smooth running without rockinm.fTeliminary'
assembly consists in fitting the micrometer bridge ard levers, and
in fitting the srrings which press the lever guide pins against the
spiral surface of the cam. These parts ere then dismantled and
marked with the micrometer mounting numter and sent for finishing.
After the micrometer has heen ad)' 'ted the plane-parallel

plstes are fixed into the lever seatings.

The following optical parts are fitted on the micrometer
bridee: the dividirng unit, the pricm which trarsmits tze images of
the dial graduations, tle prism for illumirating the saconds disc,
the collecting lens of the resading microscope and the seconds disc
which 18 fitted to the cam sliaft,

The opticsl micrometer is finally assgentled after the sub-

asgemblien Lave been adjusted and laborustory tests have teen made,
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Chapter 3%
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10. Chec¥ing the truvel of the levelling
ond micrometer screws

Before proceedi~¢ to worl, cliec the “ruvel of the levelling
and micrometer screws, tre trav-1l of tle irstrument axes, the level
in the stand, and exurire **o *riro¢, 7The levellirg arnd ricroreier
gcrers sh uld *“ravel freely without roc¥ing or tindinc. Tne travel
of the levelling screws is correc’ 'd by *ntte udlucting screwe, tue

travel of the nicrormet: r ndjusting screwa 13 adjug'ed by aprince

nute and «asters of the addusting acrews.

(2]

in th

RS Cbeckivp the insrtrument axes
The irs*rument axes c:ould rotate frcely and smcothly without
bindinr ~r rockinz. After tue alidudeas of the horizontaul dial nave
reen turned 360° stout a vertical axic the lovel dutble on e .tard
should not nave moved ty more than 1.5 divisniona. Excesuive

oscillations of the ver“ical axis can only be corrccted in the

fac*tory.

12. Checvirg *he level .o <te and
~he cylindrical level o{ t.e horirontal dinl olidade ia
checked 4n %'e 1 eunAl way., Tue level ia firet alicned in the
direction of the two levelling screws, “he tub'le is trought to the

ac



centre and then the alidade i{s turned through 180°. If there is
any change in the level, 13lf the correction is made by the level
adjusting screw and the other half by the levelling screws.
Checking i8 continued unti]l the bubble remains in the centre on

turnirg through 180°.

13, Examination of tripod
Before commencing work examine all the Joints in the metal
and wooden parts cf the tripod. It is very important to ensure
that there is no play at the places where the tips are Jjoined to

the knife edges of the tripod.

14, Checking the quslity of the
image in the .elescope
objective

Bernides mak ing the checks mentioned above, if the theodolite

has been roughly hendle¢ in transit or if the adjustment has been

disturbed, . .eck the quality of the imsges of the telescope
objective, the microscopes of the horizon*al and vertical dials,
check t..e setting of the rraticule in the telescope and the
vertical turntable level, the angle between the horizontal axis and

the vertical axis of rotation of the instrument, the riagnitude of

*he collimation error, the travel of the focussing lens, the
eccen‘ricity of the dial and alidude, and the run of the dial
microscopes.

T.e telenrcope objective image should be sharp over two-thirds
of the ficld of vimion. This masy he checved by examining a sharply

outlined, distart object sgainst the background of tue sky.
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Tte centering of the telescore cptical «yster 45 checked by
examination of a stur. The tube focussing i3 altered and tre
innce of the st:r 1is observec. In a well-centered system the image

of the star should be a true circle both before uard behind the

fccal plane of the syster.

15. Chec>irec tie microscopes of the
horizon%tal and vertical dials

The cuality of *the imace of the horizontal dial microscope
is first checved, part:cular a'tention teine pald 'o the following.

9 o hen the secords disc is aet to *the zer. mark tre irdex
of the uptical micrometer should eitier coinciade with ti.e combired
imarec of +tie diumetric:l1ly orprocite disl eraduations or should be
;.alf-way be'wcen tlher.

2. There nust te no durvening of tiue ed-en of the fleld of
t..e resdinr microccope urd the i1'lumination should be uniform ov r
‘e whole fileld of vision,

2, T.e line of seraration retweer the ur vr and lower imaces
of the cdisc pyradu-sinns ahiould e fi:., ntrairnt snd without
noticeubls thick nirg.

4, Tie iri en of the dial calitration rust not te tent.

5. T.e irages of calibratiorn lires of the dial and the
ceconds disc suould botn te via‘bly gharp an' *opether without
refocunsing ‘he eyeyiece,

The vertical dial ricroscope §s checves 11 fuat t.e sAme way

ac “ha*t of _..e norizor'al dial.

o
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16. Checking the setting of the telescope graticule
The telescope graticule is checked with a plummet and

corrected with the sadjustireg acrews.

17. Checking the anple between the horizontal and
vertical axes of rotation of the instrument

The horizontal axis of theodolite 0T-02 should be
perpendicular to the vertical axis. Therefore, the theodolite 1is
carefully checked for the level of the horizontal dial alidats and
the position of the bisector is observed relative to the prlumb line
when the telescope is turned about the horizontal axis; corrections

can only be made in the workshop or factory.

18. Checking the vertical turntable level

The position of the zenith is determired in the usual way and
corrected by the level adjusting screw 26 (Fig.7). Tre vertic:l
turntable is sub-divided into sectors as shown in Pig.8. It may be
seen through the reading microscope (with Ck) tlLat the numbers
marked apainst the graduations increusse in the counter-clockwise
direction in the right-hand upper sector and diminish in the clock-
wine direction in the lower ris ht-hand sector. The opticel axis
of the telescope is horizontal when the vertical dial reuding is

00-90°, The sum of the readinges with CR and CL should be 1800.

otherwise it indicntes that Mz is not zero.
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Frg. =, Oiagrem of vertica) ccall arrgn e nt

10, Zorrection of collirution error
Collimation er: r {= de*ermined in t'e veual way:
cispla . on* of th. . .t:cule rmountine 3a corrected, w..en this

“

is done tue graticule sdjuatireg ccrews chould not b

e *turned %too
far . ar t avoid «*rai- vhich could al%ter t:» collirs+*ion error.
ren the collirmatirn errcr hae Yeer corrected checy at tie

Fraricele dettims 1 mo¥ disturted wela® .veE o .- plEicaet:

. JC, Crnecviri- t,e trive]l of thre
focuaninr lors

Incorrect truvel of ti focuari-r lenr crunea an errocr vhicCh
is ecuivalent in «ffec, ‘0 telecco v colliraution error. “ne
magnitude of tlhis error 4n i{+%rrired in the followine way: tue
telescore s firec* aired at a rero*e roint, yreferably or tie

horizon, ard %'.en tne rountine of the fozussire lens will he cl ee
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to one extreme nosition. The tube is then aimed at a scale which
is at a distance of 5-6 nretres from the theodolite, and then the

focussing lene mounting will be close to the other extreme position.

Then transit the tube througn the zenith and repeat the procedure.
The difference between the recdings (with the two psoitions
cf the turntable) on the remote point (CL1 - CR, = 231) and on
the scale (CL, - Ck,; = 2c,) gives twice the error of travel of thLe
focussing lens
2 = 2c5 = 2¢c4 .

The error can be corrected only in the workshop or at the works.

21. Checking the eccentricity of dial
and alidade

The eccentricity of dial and slidude is determined from the

difference between micrometer readincs when diametrically oprosite

gra uvations are made to coincide and when one of them is made to

coincicde with the micrometer index. Eccentricity can be zorrected
only in the workshop or the factory. The procedure for determining

the eccentricity is described in the special literusature.®

22. ChecV%ing the run of the microscopes

The mognitude of the run is determined in thLe following way:°®

make the zero mur¥k on the seconds disc coincide with the index of

* Ch.Yu. Vitozhents. Methods of invertipating ortical

theHydolites, Momrcow, 1047,

bl Instructior for firet-class triangulation, 3rd edition,

Moscow, Geodenir~det, 1030,
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micrometer; ma'-e i~apes of diarctrically oprosite rracduations of
*ne diac coircide Ly turni: s <he ~djuetin., screw of the hor:zontal
diu’ awlilqte; d arlace tie irac-m of tue difc fradunticre Ly one
division urn*. 1 . aln the d!{ imutricully ortocite 1 .'u«'ions arain
(& ORI OXE SRS G OR L2 Wkt Bl T s o o) I @ I ol o

T.e re.ci'y on tue peconde dime should 1 - he 60, iIf it is

©ore cr lercs tnan 60 tien run g trecerst ard thifs can be corrected

orly in tue workshop or at tlie factory.

23. Ilnvestigation of the optical
micrometer

Investigation of systemsatic err.rs of the optical micrometer

To mave *he investivation, measure 4 cmall angle with the
*reodolite, mave the reasurement a whole number of times within
“ie range of the conrlete arsle of the seconds disc of the optical
m.cr meter,

In the process of reapuring tue angle tie imuages of the same
yraduastion lines of the horizontsl dia) are rade to coincide;
Letweer pettiners reset tie dial in such 8 way tna' when tre
velescore i8 brought up from the left- or right-hand ride the
micrometer readinrs differ by 15 divisions «f tre seconds dircc.
“ltorether, four forwnrd and four reverse moverernte ure nade in
four sett . nggo,

~y+e the micrometer readines und work out the results of the

~easurenent by the nrocedure dercribed in the Irstructions on

Trianculation, Clarces 1,2,3 and 4 (1055 edition, p.100).

Take thre mean value of v of the four readings obtained at

sacn eettin, it should not exceed ore second.

¥
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During the production of theodolite OT-02 under works
laboratory conditions, systematic errors of the optical micrometer
are examined by the collimator graticule with a scale division of
the order of 11 seconds per division of the seconds disc.

Determination of errors of coincidence of dial pgraduation images

Errors of coincidence depend mainly on the experience of the
observer snd, ti.ere‘ore, cannot always be a*ttributed to defects in
the theodolite. DJetermine the error of coincidence of images of
calitration lines on the dial with various settings of the
horizontal and vertical disl alidndes, using two coincidences for
each and record tie differences between the corresponding micrometer
readines. TLe order in which the readings sre taven and the method

of working them out are given in the lnstructions on Triargulation,

Clasres 1,2,% and 4 (1955 edition, p.101).

The standard error of a single coincidence of imuges of
graduation lines in theodolite CT-02 should not exceed 0.3 seconds
for the horizontal disl microscore or 0.6 seconds for the vertical
disl microscore.

Determination of backlash in tie optical micrometer

Backlash in the optical micrometer is determined with various
settings of the horizontal disl. Make the images of the lines
coincide twice: once when the seconds disc is rotated clockwise
ard once counter-clockwise.

Petween individual settings turn t:ie alidsde through 15
degreea and the seconds disc through 5 seconds. Tue mean of the
differernce 'right mirus left' characterises the systematic part of
the optical micrometer bac-lasl and *he standard error of the mean

difference characterises the error of determination. In theodolite
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C7-02 individual 'rirht ninus left' cif’erernces sho.ld te fron
-1 second %o +1 second. The orcer in whic! the re.cdirngs are tuken

ard the me‘l,od of wor“ire trhem out nre ,siver in the Instruction on

Trianrulation, Clasces 1,2,% and 4 (7055 edition, p."02).

24, Investi,~ation of to*tul diure‘er
errors of horizontal dixd

The total diameter err re of %te horirzontel céisl of theodolite

CT=-02 determined ty the re<hod proposed by S.1. Xliseyev, by
measuring the angle teteer *wo collim tores; *he determinution is

: , 0
repe.ted after major overnaul. Examine *the dial at in‘ervels of 32

. 0 .
ard meusure anglec of 26, 45 and 0" 4 inarvidual eecries at

different rlace=s or the dial.

© {ircludesg

For example, t:e firct gserice for the rg_ 26
. - o
measurerents rade with initianl seteirsg of ¢, 36, 72, 10 and 44

The angles are measured with the followir: ini*isl settings.

Angle 360 Angle &40 Angie €09

00 + e S 0 v
0 o e LI v T

120 « o I e 1209

1240 V] 1350 ¢

1667 v

where the vi:lue of ¢ 18 0;%;¢;9:,...177.

Thus the prograrme of mearurerent of each sngle includes 6C
secrier. Two angle me.cre-ents nre rnuace for each settiny of the
disl. The meunurements of a rarticulur series are made in the

ordinary way, continuouslv, one after another: one series is rade

38



firet in the direction indicated and then the second series in

the reverse sequence.

Determine the mean value of the measured angle C for each

series. For instance, for C =~ 60 degrees v»a= 3 degrees

C = A|+A13+Ala_

where A3 48 the value of the angle C measured with the initial

setting of 30 etc. The following differences are also calculated

By=C— A, P =C—Aq Pin=C—An

The index '6' indicates how many times the angle C 18 laid
out round the circumference. The differences 1 which are
obtained are used with the corresponding formulae to determine the
diameter correction ¢ . This correction is the mean of the
diameter ccrrection corresponding to the graduation ¢ and the

adjacent gradustion.

1. w'® — —21‘0,— l",+.+l“,+,.+21“’+,“
’ 5
2. .,o'=—2"v—’9+u+l'9+m
4
K =_21.'-,.'*“b
y 3

i, +o'yim + ""m + ..rﬂo.+'.o+lu

4 %“m,: 5

5. .IO"=.’N' + "% 100+ ©' %41

6. w®, =0,40!% 4 044! 4 0,60+ 0,6w'*y

7. 0t = 0l + 0l sy F 0l W + 0l
15
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B wory =2 r F 5 0cut 9 Tg0s0 + %01

2

a,o

The control formulae 8are as follows.

Tw!® Twly = Iw®, == I(3) =C

Tue total diamet~ r errors of optical theodol.te dials type

CT-02 rfhould not exceed :1".5.

25. Investiration of ehort rteriod errors
of division of the horizontal dial of
tneodolite OT-072
More detriled invertigation of dials indicnatesthat diameter
errors which lie within te ! .:1.7es letw-en which determinations are
made vary in a jp-riodic rarner, with a je:r10d which 1¢ chorter than
the irterval het.een diarc'ers irveatignted, Tierefore, these
errcrg 8nd thelr periodicity carrot te determired if the dial
diameters are investirated over a comyjaratively large intervel
(5, » or 10‘. Frran of thie Vind Are called short reriod errors.
Ry the errcr of «n interval tetweern adjacent graduations on
the dial we meun the d.“ference bLetween “he numinsl end tr.ue
vauluea, Short ;eriol err.rs result .rom errors in tle guide screw

of tne dividin- rachine and also from ircorrect c.ttiny of thLe

thrends. Thie latter ies rarticularly dmrortant in gradunting

10



metal dials. In investigating optical theodolite OT-02 attentlion
nust be directed to the order of setting of the alidade., For
example, in order to meassure the intervals 0°0'-0°"' and
180°0'-180% by means of the optical micrometer, set the seconds
disc of the micrometer to zero and make the diametrically opposite
lines of 0% ' and 120% ' coincide approximstely by turning the
slidade, then tave readings., The short-period error ehouid not

exceed +1.5". The mequence in which readinge should bLe made ¢nd

the rethod of working them eut are given in tue Instructions on

Triangulation, Classes 1,2,3 and 4 (1955 edition, p.113).
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Charter 4
CH"CKEING CF T:!!pCDOLITE CT-02 DUKLING
MANUPACTURE AND RETAIR
26, Fitting t..e horizontal dial

The rrocess of firoY wearnn: tly 'nd ndjustrent of an optical
theodolite includer: fittine of *Le horircontnl dial, fitting of
the vertic-l dial, asser 'l and adjustrent of %: e telescope
otjective, adjustre t of “he optical ricrometer, adjustment of the
reading micrometer prism, asadjustment of t(ne optical system of the
rorizontal dial rcicroscore, cneckinr “Lat the teclescope horizontal

xis is perpendicular to the v-:tical uxis of tihe tieodolite,
tdiusting the op‘ical system of trne vertical dial ricroscoype,
fittin of the dioptric ring, fitting of tlLe ¢raticule, determinatidn
of Mz of the vertical dial, chuecking tie collirution error.

When the dis)l is fitted {1t is centered orn %he di1al-buah
relative to the vertical axis of tie ins“rumen*. with tre following
corditions that the eccentricitry of trnie jorizontnl <ial should not
exceed 10" and of the alidnéde 20",

A cdevice which is used tr centre the dials {8 {llustruted in
Fig.9. The daise-pla*e ic gupported on three levelling screws and
carries two base-blocve, ‘n eanch bace-block there is s microrcorpe
urright ard the microscope cuan be noved radially or verticully by

recr and pirion. The microscore urrirchtas are set on a strsl ‘Lt line



which passes through the centre of the device. The knod 'a’' is
turned to drive the microscopes racdially sesnd the knodb 'b' 4is turned
to drive them vertically. The microscopes are provided with
cicrometers. The grasduations on the diale are illumirated by lemps
ir the holder 'c'. Specisl screws 'd' with edbonite tips are used
to drive the horizontal dial. To centre the horizontal dial the
vertical axis of the instrument is set up on the device sLown in
Pig.9 by four screws. A separator is fitted to the axis anrd balls
are vpoured ln quickly. Then the vertical axis main bearing is
connected to tue dial bush by a speclal ring and half-ring which

run in the dial bush.
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Flg. 9. Spectal device for fitting the horrzonts) dial of theodo!tte 0102
0 - vpright drive knod; b - a‘croscnpe drive knod; ¢ - lighting fitting: 4 - dia) feed screv
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Pirst. of ull tue dial is8 fitted on the disl tueh and fixed
witt, four cl.. <. Ther tue verticnl uxis rnein tearing ard dial tush
with dial are fi*ted on the axis, the clamr is fitted on the vertical

h

ax.8 guln tenrine 814 connected tc the base rlate of the device. In

tols wuy, the disl btush apd dfal can be turned relctive to the
vertical axis main beurine.

The nicroscopes are ‘ocursed to give shuart resdines of the
‘riduatiors ard *.en *he lal itself is crntered by turning the dial
tianh with e dial relative t the verticul axis rmain tearing and
otecervine irn the microscornes which ure fi‘ted wit: micrometers.

Tne ciul ia displucecd with resrect to the dial bush by means of the
erecinl screws 'd'., Tue centering adjustmer.t is continued unti

t:e eccentricity of the horizortsl diasl 18 not grester tuan 10"

nrd of the alidades 20". Cnly tien in tne disl finully f:xed to
e eleeve with the four clu ps. 21 t:e 1isl is being fixed, to
nvoid deforming it, it is c..ecked for flatness by applying an
ontically flat test glars to the clamps and exanining the inter-
ference pattern; the number of interference rings N should be
not greater thar 1-1.5,

Tne eccentricity of the ulidades 18 checked on the same
device by releasing the clamp which fixes the verticul axis main
tenring and turning this bearine witi, the dial bush about the
vertieal axis., If the wccorntiicits is too great, for instance, by
°N=30", tnen under field conditior.s the dial can be centered without

removing it from tue instrument. For this purpose, the fixing

rlate witrn levelling screws is removed from the currier and so 1is

14



the carrier base which carries the prism 17 and condenser 18 (Pig.3)
The theodolite is then set upside down on a wooden stand (see
"{g.24). The gear ¥nodb arsembly and protective cover 5 (Pig.1)

are then rdmovod from the carrier, The clamping screws of the
casing which fixes tre dial screws are reasched through holes in the
carrier. These screws are removed and the diul pmcrews are slightly
loosened, the dial |s displaced in the recuired direction whilst
ander observation in the readiny microscope. To avoid eccentricity
the dial 18 fixed with the pscrews and provided tiat the dial hus
not teen dinplaced the dial screws are finully mecured to the
special casings witn the clamping screws, by access throigh holes
ir. the carrier. After this the gesr knob asserbly with protective
cover and the carrier base with levelling screws are acrembled «n

tl.e curricr.

27. Pitting of vertical disl

T.e turntable hearing mounting i3 set up on the device shown
in Pig.70. Ti.e vertical dial is first fi%ted in the verticsl
turntable housing in such a way tha* diametrically opposite
gradu. tions (°0 - 000) nnrear tirouyh the centres of the holes in
the vertical turntable housing. This rudbsecuently simplifies
location of the zerit’i of the verticsnl disl. Then tune turntable
teuring is placed in the vertical turntable housing and the entire
assembly is set up on the fitting shown in Pig.10.

The microscopes are focumssed on the graduations and the
vertical dial is centered by displacing it relative to the centre

line of the turntable bearing in the vertical turntable houeing.
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The verticel dial 4r displaced with a wooden rod, its eccentricity
ghould not exceed 2C"., /,fter centering tne verticul dial t.e spring

wachr ie firallv clam-ed witu ecrews, ‘.

e
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Fig, 7. Scecial device for fitting the vertical dial of theodolite 2102

2R, Ancerbly and adjustrent aof the
“eleacope objective

The process of adjustment of e five lens tele-objec-ive of
the telescope systen consic*s in cureful centerin~ ard accurate
fitting of the actual oblrctive lensea (t.e first three lenses) ut
a certain distarce snpart. T.e obiective murt te apgerbled eorc
adiusted in such a vaxvy that ticar recuirerents ure rmet, Tie alr
gape between tie lenscs of tue nctual orjent ve are set n tre

centre line of the gystem hy urrrorri %1y locutineg tlie coordinate

16,




points of the system.

Let us deterrine ths influence on the equivaient focal
length of alteration in the distances (or air gapse) between lenses
of the actual objective., Por simplicity . - wtier the case when
two combined systems have a cormon cen'.. e, Plg.,11,

It is known, from geometric optics, that the rear equivalent

focal length is:

and the optical interval

d=d-[' 4/,

80 that
v
r=p2isa (1)

Prom equation (1) we Zind the rela‘*ionship between the rear

equivalent focal length ' &and the distance between lenses 4 .

Formula (1) ismodified somewhat in order to determine ‘he effect on

f' of a change of 4

I+ =Sd= Sy

Dividing both halves of the equation dy f' we have

f1+/'t“',“}"'=‘- (2)
Differentiating, we obtain:
o_or
32 jl]'i.

17



’-P

X

“/

Ftg, M,

ap



whence

(3)

d/'n]%.,’ ad.

Prom formula (3) we can determine the change in the rear
equivalent focal length as a function of change in the distance
between lenses (or air gap). Since the quantities ', f% and
2
in the form:

are constant for the given system, formula (3) may be written

9f' = k-dd, ) (&)

where

rxek=7§,.
1/ s

If the actual otjective has three lenses, first find by
formula (1) the rear equivsolent focal length of tihe first two lennes
and solve the roblems of focussing the first two lenses. Then
solve the same problem f>r the system of a lens which is equivalent
to the firmat two together with the third lens. By way of checr the
actual objective 18 checved for focus and quality of image.

If the data required for the calculation are asvailable the
processof setting the air gaps between theo lenses of the actual
rbjective(on the system and centre line) is curried out in the
following way. Lens 3 - 00, the spucer ring 3 - 91, and the lens
3 _ 02 are inperted into the objective mounting (Fig.12). The

thickness D is measured on the obilective centre-iine, using a

2
rrecision spherumeter cr a universal microscope. As the thicknesses

19



of *he lenses 3 - "0 nd X - Q2 are ¥nown we  muy culculate the

alr vap b2 =D, - (d? + d,). The calc:lated air rap of 4,046

eives the neceassry thic¥nessc of the rirpg 3 - 91, und d,, d§ nnd
O, Aare rneagured to an a~curnecy of 0,000 nm, If b? is8 Freater tinn
C

4,46, *urn down the sracer rine 7 - 01 and tc rmeur re aruin tear

in mind thu% the ~aximir tolerance on %he sir «~aur is 0,009 mm.

AR LY

290290180 F._,
“L

Fig, 12, 2nd and 2rd te'escope objective Flg. 13, 1ot nt Jrs *oloscope objective
lenses 1r ro.nting bee 2 imeLurting

&é’l

Th—q—-
\

Havinc reasured the air pap betw.en the lenses 5 - 90 ard
3 =« @2, remove the lenpseg from the mounting an' cet tie w#ir gan
b, (Pig.1%). The spacer ring 3 - 01, the lens 7 - 72, tin srucer
ring 3 - 93, und t.e leng 7 - QU4 gre iraerted {'to the rountire¢, tue
quantity DAl is meansgured and the air gun 1a calculated as

b, = D, - (d1 + dp). Tue coleculat d wir gar of 1.22 + 0.02 is

1

obtuined by turrine down the sentine of rirg 7 - ©2 under tne lens

7 -04, d 4, and D, are ressured to within O &S g,

'

1

An image of rood cunlity 15 oh'ained when the reuwsired and

calculuted valuer of *he nir gars are {n a-reerent, Spocial



Fig. 15. Tst ant 2nd objective lonses

19, 14, 2nd and Jr¢ objective lenses in sgectal housing

in spectal housing
1 « housing; 7 - rohinin? ring; J
sgacor ring. & - spacer r nq;”g -
5

1 . housing; 2 - retaining ring, ;d
jective Tens, & - I3t objective foun.

l.
pacqr ring, & - 3rd odjective lens;
g - 306 objcctive lens,

alals —re - pn-:-s

Fig, 16, Optical banch t'~ : I
L] LY ‘r ’ "" .; -

2 ‘l , a .'\ . Ll , b
zd-l n&uwuquLi
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housings (Figs. 14,15) are used for convenience in reasuring the
sir raps. When the lenrnes Liuve bnnn fitted the mounting snd tho
actual objective asscubly are screwed into the telescope. The
telescope is set up in a stund on ar ortical tench (rig.16), tle
jrnpe of a rolirt locaed ut the focun of the o limutcr of the
opticn) hench 1s obtcerved in the *‘elec:orvn ard the cpticul sys enm
of *..e telescore {a centered by rotu*in. the lconres cf the uvctual
tdective relutive to ore anot*lier, Cn relocussi-y the imuge of the
point should sr:cer 88 a true circle, and this can be achieved
provided that the parts have been made within tolerance.

After the telescone optical esystem has ter: centered &
mirror 1 fi1 ted at the collimantor foucus. The resolvirg capucity
of t:e telerce, e objective 1s deternined by looving into tue
telescore throvrh the ccllimitor. In 'thte centre of the field this
rerolvings copocity raould Ly not prenter than 2,5". The imuge given
ty tue telescore objec ive ch.ou’d be sharp over two-thirds of the
field of visior und tie focurairg comjonent of the objective should
rove cmo thly.

In adjunt . ng the telescore obhjective it should be borne in
mirnd that pirallax is one of the defects of escerbly and adjustment

of instrument ortical eveters,

larollaux is the effect which is observed when the eye is

displaced from one side of the lenes to the other and the imare of the

object seen in the opticul system moves relative to the cross cn the

grnticule.

Tursllax occurer b cuuse in the optical asystem of the

instrument the focal plane of the objective does n.t coincide with



N Fig. 15. Yst and 2p0d objective Yerses
Fig. 14, f:dssgg'gwhgﬁﬁsln lenses ¢ I s;:cu? hguling
1 - housing; 2 - retaining ring; 3 -
1 - housing; 2 - retaining ring; 3 « spacer ring: 4 - spacer ring; ? - Ind
;D“xd’:g")éc:‘;.3{‘:“;’“"“" Tons; . ogjcctlvo"?ens; b - fs! o:l:jgct ve iens,

fn ) N‘-ﬂ'ﬁ PFA.‘E
e BT

t e .'3-'-
. e v o» 5,

\ ' ’.I'o'-‘j t
wviad divwarw W/

Fig, 16, Optical bench
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that of the graticule. when parallax exceeds a certain amount it

begins to have an important influence on the accuracy of observation.
Parallex is easily avoided in telescopes with external focussing
because the eoyepiece and graticule topether can be moved along the
optical axis of the objinctive,

It is more difficult to correct parallax in telescopes with
internal focussinz because the distance between the actual
objective and the graticule is constant. In this casge, parsllax 1is
corrected by sltering the distance between the actual objective and
the graticule, For exumple, in the telescope of theodolite 0T-02
this distance is altered by adjusting the spacer rirgs in the
graticule mounting. llere, tolerances can only be positive.

To adjust the telescope it is necessary to know the
relationship between the parallax angle a and the parallax
dirplacement P along the tube axis. Suprose that W 41is the tube
eyepliece (Fig.1?7), 2 is the position of the outlet iris. The
rraticule cross is at the focus of the eyepiece O' . Suppose that
the sctual image given by the teluscope objective (not shown on the
figure) is observed not at the point O' but at the point L', so
thet it is displaced by an amount p . An observer whose eye is at
the centre of *he iris (position Q1) sees the ima-es of the points
K' and O' covering one another on the centre line. If the eye
is then moved to position Q2 at the edge of the iris, since the
point C" 1is at infiniivy and K" 1is at a certain distance the
observer would sce thess two points on ttie lines MNC" und MK"
between which thcre is a certain angle o« which is termed the

parallax ancle. Tarsllax is usually consideredto be negative if
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K' 18 in front of the focus O' (from the observcr's side) and

positive if K' 18 behind O' . Let'us determine the effect of

altering the parallax displacement p on the parallax angle a .

From the triangle MNK" we have:

(D+08) ga=r,
where r 18 the rsadius of the ‘'iris’

D=0K", b=0O,N.

But since the angle a 1is very small and D 48 great we may

neglect b. Then

= ___Da*
f—D‘gl——Q—OGQGS—
(5)
But from Newton's formula we have
D.-P=,
(6)

where f is the focal length of the eyeplece and p 1s the parallax

displacement.

From formula (5) we find:

DI=fid 0N
‘ (7)
ard from formula (€)
=L 8
D=1 (8)

Hhs



‘"hus
Vol _r 206 ?65ﬂ

p ‘~ [)
whenco

Y AL (9)
P=.506205

Aocimilar formula was civen 'y Molinovs¥iy in tlie journal Pevue

d'"rtigle, ho A, 1930, Ecuntion (Q) must be differentinted to

deternine the effect of altering tue puarullux displucoerent p on
ttie purallax angle a« . Since f and r are constant for a given

ayctem we huve:

IV AR o
re” r-206 205
Then
p=h-a
or
=l
=z r

Differentiating, we obtain:

da ::—lk- dp.

(10)

Formula (10) cun be used to determine the change in parallax angle
o which results from chance in the parallayx disylacerent p . 1t
follows from equation (7) that if the anrle a is given a value

ecual to the resolvine cupucity of the eve we obtain tie ultinate

disrlucement | wh ch ir imperceptible to the eye,
When & 30", r= | mMn and [=10 ux
f'a _ 100-30

== . =——=0,015 M.
re 206205 1.206265

Ae may be seen from thie example, *‘he .ltimate rerallax

dirplocment §s cor:ara'ively rmall, Yeins rome Lundredths of &
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millimetre and, therefore, inadjusting the optical systems of

pight tubes with internal focussing it 18 necesrary accurate.y to
maintain the distance from the laat surfuce of the actual objective

to the telescope graticule.

29, Adjustment of the optical micrometer

Adjustment of the optical micrometer (see Fig.?7) includes
fitting of the components and assemblies and also laboratory
investigutions. The adjustment includes:

(1) fitting of the plane-parallel plates 25 (Pig.3%),
(2) fitting optical parts in the micrometer bridre,

(3) fitting the illuminating prism of the seconds disc,
(4) testing the optical micrometer.

(1) To fit the plane-parallel plates of ths opticul
micrometer the micrometer bridge with optical components (Pig.8)
is removed and the micrometer housing is screwed into the threaded
stand of a goniometer (Fig.19). Tae micrometer beuarirg 1s set on
the micrometer mounting with a plans-parallel plate secured to the
tase of the micrometer bearing. After the plane-parallel plates
have been fit+ted into the micrometer levers they are secured with
fixing screws and shellac.

(2) 1In order to fit tte optical parts in the micrometer
bridpe it is necessary to fit the prism 28 which transmite the
images of the disc graduations and the separating unit 26,27
(see Pig.3). The micrometer bridge is set up on a plane-parallel
plate which is placed, together with the autocollimator, on an

inspection plate. The autocollimation image from the pletes ie
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observed, ti.e micrometer bridre is broucht up and the prism 28
(Fig.3) i8 po fitted thnt it exit face 1: parullel to tie Luce of
the micrometer dbridire¢e. "he micrormeter trid ¢ in thien net in the
micrometer mo.n%ting to w.ich 8 srecial rounting with tue readiry

microscores ie fixed (U.p.0)),
i /
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The separating unit 1a set by observing through the measuring
microscopes. In order that the line of separation should be in the
middle of the diaphragm aperture (the frame) on the prism 28, this
prism must be moved perpemdicular to the base of the micrometer
bridge. After the prism 28 snd the separating unit have been set
they are locked in positfon.

(3) Tune 1lluminating prism of the seconds disc 34 is set
whilst observing in the reading microscope which is bheld in a special
mounting on the micrometer mounting (Pig.20). Whilst observing in
the reading microscope the prism 34 1ls set by meuns of the adjusting
screws 8o that the images of the graduations of the seconds disc are

syrmetrical with the diaphragms marked on the prisms 34 and 2&.

PR 1T
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Flg. 20, Reading sicroscope and optical sicrometer

1 - optical sicroseter; 2 - specta) mounting; J - reading sicroscope in vhich the graticule fs fitted.

After the 1lluminating prism has been set the seconds disc 1s set.
The micrometer knob is turned to the stor and, observirg in the
reading microscore, the scconds disc is set so that the micrometer
index is ap:roximately half-way te‘w:en the yrruduations numbered

O end 60, after which the seconds disc is clumped. 1If the

HY



rla-e-- rallel rluates of “he micrormeter are rursllel the reudings
or. ‘he recorcds disc should te about £75,

(+#) Tecting tie or'ic.l microme*er. The cam which drives
the lever pins 18 made in tiie form of an Archimedean screw; as
the caem 18 turned the angle of slope of the plane-=parullel rlates
is sltered.

~re rethod of study propoused by enpinecr U.I. Ulichkin was
to ressure e nrymles of rotation of the jlutes as 8 function of
tiue urcle of rotetion of the rur, using either o special fitting
(Fig.21) wh'ch 17 8 ¥ird of pouniometer, or else a preclsicn

Fsoniomreter,

-

Fig. 21, Special cevice for inspecting the optical micrometor
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The optical micrometer, which is connected to the reading
microscope by a tube, is screwed onto a threaded upright on the
stand. Observations asre made thLrough che reuding microecope end
the micrometer knodb is turned, eo moving the seconds disc and the
cam that the driving pins move the levers and slter the slope of
the plane-parallel plates of the micrometer.

Certain intervals are set on the seconds disc (Table 1) and
the angles cf rotution of the plates are meusured, whilst observing
in the autocollimation tube of the goniometer and reuding ‘rom the
dial cicroscope. Measurements of the increase in angle of rotation
of the plates made in this way are compared with cealculated values

in Table 1,

Calculated values of anqles of rotation of the plates Table 1

on different parts of the seconds disc

Intervals on seconds disc l Rotation of plates
0—3 0°27° 47°
50-100 027 48
100—150 027 49
150—-200 027 5
200—2%0 027 51
250— 300 027 52
J00—350 oM 83
350—400 027 54
400—4%0 027 55
450— 500 027 5
500—550 027 57
$$0— 600 027 5%
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The measured ancles chould not differ from the calculuted
ty more than orne minu*e. If the difference is greater the
micrometer moy be corrected by adjusting the spring, by lapping the

nxes of the lovere und +%he guicde prins or by replacirg the cam.

0. Fitting tle prism of the reuding
microcscope

Refore fittirg *he prism of the reading ricrocscove in the
irstrument it is neceacary to chec¥ the rountinge L the prisu,
Yecause tlie bace of the rounting chould be jarullel to tne seating
of *u~ prism a:d perpendiculur to the cylindrical encractirn. line
of the rournting. This condition .5 chiecvhed on & control (lute by
mears of an indicatirg micrrmeter and an orticnl onrle-reasuring
device. The prism ic then fi-ted in itr rievrtir- ord inserted inte
the *elescope cocvet by mears of a trended 1ountins,  An

autoccllimutcr is then set up «loneside e dnctroment (Fi0.02).
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Fig, 72, titting prisms of *n> rea*'nq microscope
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The prism is set in such a way that its inlet face is perpendicular
to the axis of rotation of the telescope und the outlet face is
symmetrical to the aperture for the tube of the reading microscope
and perpendicular to its axis.

To do this the reading microscope is replaced by a tuoe to
the end of which a plane-parallel plate is fixed. The prism and
mounting are observed in the autocollimator and unscrewed until the
light from the rrism coincides wicth that from the piane-paraliel
plate. The tube is turned und the image of the light from tne
inlet face of the prism is observed in the autocollimator. If the
prism i8 correctly set the position of the image should not alter
when the tube is turned.

Correct setting of the reading microscope prism ensures
that diamatricully opposite graduations on the diasls are uniformly
il1luminated and lie within the circle which is the image of the

working diameter ( f the objective of the reading microscope. The

illumination of the imares of the disc graduations should be
uniform over the entire field of vision with the tube in any

position.

31, Adjustment of the optical system
of the horizontal dial microscope

Adjustment of the horizontal dial microscore consists in

ad justing ‘he opticul syst:mn of the microscope objective after the

cptical systems of the readi‘ne microscope and of the micrometer

nave ulre idy been adjusted. The objective of the horizontal dial

microscope is first focussed so thiat tae dial graduutions appear
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chorp, by moving tte objec'ive in ‘he alidede prism mounting using
the serew nounting 1 (F ro”3) which is scivwed into the rentin~ of
the firct corrorent of tue objective when t. e mounting holeing the

rrism (24) t: teen remov:d (cce Fi¢.3),

Fig, 21, Screw manc-el for preventing run

) - outer casiny; / - plunger,

When a gtarp imnge of thte di.1 graduationa har been obtained,
the alidude jrisms are vceivs 4. T.e ltace plate urd levelling
ccrewg are removed froo t.e i :trument arnd 1% 1s then fi<tec irto a
stecial woscden stand (¥i¢. 4> uand for convenlence of adjustoert a
rpecinl fi°0 - with re i raicrescoye @ axv e use! (¥ ,D5,26),

Pefore adijusting thenm, *iLe dimnvnsions of * .« lidade jrisre
ar- chec ed, * ey are atcled dn jalrs a0 S SN Y4 o8 O A

ais L cultacy ©f the

>

Auteldel ldmation crerivee §& . BEW Y cllee

e

cementing tet reer tre 4VVorirator anc wlidade prisms, If tle



cementing has tYeen done correctly the light from the flats of
the illuminator prism 1) (s-e Fig.3) should coincide with that
from the flats of the alidade prism 21.

After preliminary checking the alidade prisms are set in
their mountings. If an old dial is replaced it may occur that
the diameter of the gruduations is greater on the new dial than on
the old. It 18 then necessuary to displuce the slidade prisms during
the adjustment but, meanwhile, light from tue condenser 18 passes
through the gap which is formed between them straight into the
objective of the horizontal dial microscope. This causes
diametrically opposite graduations of the dial to bte differently
illuminated and imparie their images. To correct this defect it is
1ecessary to re-cement the slidode prisms and to lower the prisms
somewhuat 80 a8 to clome the gap between the alidade prisms which
are set in their mountings., The displacement of the alidade prisms
along the mountings is observed in the reading microscope and they
sre set symmetricully about the axis of the objective of the
horizontal dial microscope.

Here, the imugres of diametrically opposite graduations of the
dial given by the dial microscope objective should be in the centre
of the frsme, visidle in the reading microscope, and the graduastions
should be of equal height and perpendicular to the line of

separation.

The base is then fixed to the carrier und the illuminating
prism and condenser which are contained in a ringle holder are next

fitted. This prism is adjusted to give uniform illumination of the
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Fig. 26. Theodolite type 0102 on a vooden stand
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Fio 25, Attactwent to reading micrascore for < usting *he vertical dral alidides
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diasmetrically opposite graduations of the dlal, and tbe quality

of this illumination is checked with several dial diameters. The
place at which the diametrically oprosite graduations of the
horizontal dial (for ins‘arce O -180°) coincide is set relative to
the micrometer index by displazing the swivelling prism 24 (mee
Fig.3) of the horizontal dial microrccope.

Furallax tetweon the imagen of tue gradustions of the dial
i1s prevented by tilting one of the alicdade prisms. To prevent
parallax it is necenegary to know the relutionship betwoen the change
in th2 quentity x (Ax is the gap formed by the slope of the
slidade prism in its mouﬁting. nee Fig.27) with chionge in the value
of x', the amount of refocursing of the eyepiece, which for
convenience is exyresced in terrms of the nunter of turns of the

eyepiece rountinr.

From the theory of the compound microscope it is known that

(Fig.28)

= =/
x= 8, x= ag’
whence
_,“._/u'
Ao =0 =5 (24
and
-'
F...,:-.-/——“Ao“,
where T i8 the focal length of the entire microscope system.

micr
From formula (11) we huvo:

S
X = X.
sl (12)
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Flg, 26, Treodolite with cevice tor adjusting the vertical dral alidades

]
Denoting the ratio kﬁ by ¥ and, differentiating
formula (12), we ob*ain:
dx = kdx.

(13)

From this formula we cun determine the cuange in x' as
# furction f *he chunge iIn x .

Tne amount of par llux can be exprescea either in ungular or
in linear me sure, but i1 *he v.:ticul..r caece of adjustrent of the
orticul ryster of *tl.¢ compound nicrosc e ¢of theodoiite C7-02 1t
is more convenlent to oxprese the naralloux in tersms of number of

v(‘t

turng ! tue ncrew of the eepfere mountinec., IT the pitch of the

eyericvce nountirng thread is denoted by s und ‘he oncle of rot:tior

f,%



--IJ

Ob

Fig, 21,

ai¢roscope

;nb

B

Flg. 28,
ob - objective; oc - ocular (syepiece)
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of “he e eplec mou-'inr 'y ¢ we "a wri'e down an exore-sion
between d¢ and dx' . Tor one rovo'ution of the everiece frame

tie eyeriece 18 moved 1o the onticnl xiasg Ly a dictunce ejunl to

G rpoud pl el 8 ¢ Tnse mentl v,
dx'=ds.
Thua
dx’-360
Ay ==

(14)
Substituting “.ue valuce of dx' from formula (13) we huave:

k-360
dy ==""dx.

(1)
which yives the chanre in x'  expre gsasecd 8s %urns ol t.e eyeplece
mountin.-, . function f chanre of x ,

"o void par~1lax i+ the horizontal ond v rtical dial
microrconer 0¢ theodolite C1-02 it should te berne in mind *has tie
*olerance fo:r razzltay Yot the ine es of dicnetric lly o -orite
~r Juntiens © he dial should not exceed nn eilgpnth of a revoiution
-f tlie ereplece mountinr, Reyond thie it ie neceusary to corrcect
rarallax between imaces of dial praduations and the line of
separation of the focusrsing obJective of the hLorizontal dliul
microscope. Vere, “he paralloux tetiecen dmac-ec of dial -radurtions
ard tiue index of the optical microme*cr, und ulgo bhetucen Lue
rradvation of the second: disc and *he index, mayv Yo up *o Lalf tie
vigsihle width of the mraduation,

To rrevent the adjuciment from bedine dictur'ed the pupc

between the alidade pricre and their rou tine 1o filled with siellac.



Fun in the horizontal disl microscope is corrected by
altering the air gap between the components of the microscope
objJective. Since the images of the dial graduations chould be
sna~p in checking the run when the air gar between the components
of the objective is altered the position of the entire objective
in the alidade prism mounting is altered at the sare time by the
correcting screw (gsee Fig.23),.

The amount of run of the »bjective of the liorizontal dlal
microscope should not exceed 3 divisions of the seconds disc. The
presence of run indicates tliat the actual marnification of the
microscope is not the same as the calculated value. To overcome
thie, when the number of divisions on the seconds disc is found to
be more than 600,it 1s necessary to increase the distance between
the components whilst displacing t..e imuage: of the dia) graduations
by a single division, because this meusns that the microscope
magnification is preater than calculeted, and wnen ti @2 number of
divisions is less than 600, the distance between the components of
the micr. scope objective should be reduced, because this means that
the microscope magnification is lers than calculated.

In finally focussing ti.e objective of the horizontal dial
microscope for sharpness of image of the dial graduations, it is
necessary to prevent parallax between the line of separation and
the imares of the dial graduations. After they have teen finally
adjusted, tue mountings of the objective components of the horizontal

dial microscore are secured with locking screws.



Determinution of the influence of claon-e in the distance

between toe corvonents on racnificaticn of tie oticctive of the

Worlzan' i i) plewogeor wf theodie) 54 CT=02.

Th cromis macnifientior for 4 cezxbinm’ion of twe ortiewnml

e oters wikl o edrinen axts is piven ¥y She fellowing forim: m:e
/i)

/1/1' gl A

(16)

hWlg £ .:ula cor be wri™aen in flie fors:

)= *‘jx'/_-'
Sif— v (17)

Differentia~irec £ roula (17) and *¥in: B und 3  as

viriablee and X, 88 cons' nt we lLiave:
11'_). —— _'rl ’.11/1'
dy (f 4+ (185

ultir ~ine ad dividing the right-hsnd sice of formulo (1°)

hy j'%f5 we obtain:

fir)_: -‘1/1‘/4'f|'/:l
d3 (/1" + ) S)
(/} _ _.\',5"
a3y (19)
Xt

1=

Since tie quun*tities 1, I}, fé und x, ware known oo the

dp =

~iven system, f rro.la (17) ey bLe writcen 1 the

wherl e




let us determine the coefficient K (Pig.29). The
objective of the horizontal dial microscope of theodolite OT-02
has: f) = 82.820 mm , £ = 121.613 mm, x, = 21.777 mm and
B = 4x, the.efors,

K_fuf_ . _2],7770__10
1/, 8282.121613
d3 = 00346. d). (21)

= 0,0346.

Since dix~dD, , formula (21) rnay be written

d3 = 0,0346 dD,. (22)

Pormula (°2) can be ured to determine the change in the
ragnification of the microscope objective with chanre in the cist. nce

between the corponents of the objective, It us determine the

change in magnification of the ricroccope objective expressed in
divicione of the scconds disc of the optical micrometer. T.e hLalf
diet.nce betweer gruduations of the horizontsl dial 1 « 0.0729 nmm
which corresponds to 120" anrular measure. The rcconds disc of the
optical micrometer has 600 divisions and expressed in seconds each

division ¢orresponds to 0.2" in dial divisions,

02030
f = ' = 0,000065 s,
120

and in the plane of separating unit T = t x B = 0,00026 mm .

The half distance tetween the graduations of the horizontal
dial in this plane 1, = 1 x f = 0.03% i, Differentieting, we
obtain: dl, = 0.039 dB , and substituting “he value of dB we have

d!, = 0,039.0,0346 dDs,
but since dl, = T =« 0.00026 mm , we ..ave

dl, 00002
4Dy = Gos9.0,0316 = voo13 =02 M4
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Consequently, changing the dictince ‘et v cowponents of
the horizon 21 diul microscope obfretive by an amount of 0.2 om
causen a chiarrce n She run of about 1 divicion of the ceconds disc

of the op%ical ricrometoer.
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Fig, ™, Crarre= of Rorizontal dial micruscore nhjective

20, Chiecvdirec tia* the horizontul axis
of *he theodolite 1s perrendicular
to 1ta vertical uxie

Finally, the arremtled inctriment is set ur on u suituble
base, and & plumb lire ir ve* w7 70 = 15 m from Sthe instriment,

.

IR L s e R o Segl ] ]l o e ioRitzer oA Wila il
aliduce ao Yrir sine the veortical axie Lo Lne plvrmet yosition. The
telescore is tlen i med vt t.e top of the plumb line until tihe cross
in the praticule coinclden with tie prlumb line. The telescope is
then traversed downwards long * e plambh ldine end it [e olrerved
wnesier % ¢ praticuile und 7lunmb lires crosa. Tf they do, tue screws
s

which x Lie corrier o tne stand wre slacvened snd the upper jors



of the theodolite is removed. Then, depending upon the slope of
the horizontsl axis, one of ti.e stand uprights is corrected by
scraping. The angle between the horizortal and vertical axes of
tue theodolite should be perpendiculnr <o within S seconds.

A more accurate check can be made witii two or “hree

collimators which are fixed by bruckets to a wall or to a concrete

column. The collimatoras are set in such a way that tlLe hair line
intersections meet on u ringle strulight plumd line, With this
motlod

y thC checr can e mace with the telescope sloping at s much

Freater angle.

33. Adjustment of tue optical system
of the vertical dial microscope
Tie adjustment of the optical system of the vertical dial
microecope conpicte in fitting the opticul system into the
microscope oblective. First the ecwivellinpg prism 12 and the
selector prism 15 (see Pig.?) ure fitted. Then a plane-parallel
plate is placed in the plane of the stand upright at ti.e position
where the micrometer be-ring is located. The ewivelling prism 12 is
observed through the autocollimator and the prism is set so that
the light from the plane-parallel plate f t.e selector and
awivelling rricms coincide. After this tue beurings, the vertical
turntable housing, the dial snd tne slidade are fitted snd also a
rpecial device ir fit:ed to the reuding microscope (Fig.26 ). Thins
device has scuting diareters equal to the diumeter of tlie telescore
socket. When it is connected to tie vertical turnteble housing, it

forms a window thro:gh wh ch the alidade jrism can be adjusted.
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Before the alidade pr{sme are adjueted the vertical dial
microscope objective is focursed to give a sharp imare ¢f the dial
gracdua*ions. This 18 achirved by shifting the firet component of
the objective which 18 located in the mounting of the aliduade prism
of the vertical turntable by means of a smecial rcrew which is
rcrewed through the mounting of tue ulidade prisms into the
cbjective mounting.

Ahen 8 sharp ipu; e of the graduations of the vertical dial
Lur Leen obtained t..e slidode prisms 10 (see Fig.3) are adjusted.
Before the alidsde prisms are adlusted they are measured and matched
in pairs and an autocollimator ias used to chec!- the correctness of
the cementing betwecn the i1llumineting prism and the alidade prism.
Tue slidnde prisms arc *‘hen temrorarily fitted in their mounting.

Por convenience of adjustment the instrument is placed on a
special wooden stand (Fig.30). Observing through the reading
microscope, the slidade prisms are moved wlong the carrier until
they are symmetrical about the axis of the vertical dial nicroscope
objective.

Then the images of diametricully; opposite dial graduations
siven by the verticul dial ricrorccope objective should be in the
middle of thte diaphragm visible in tle r2iading microscope, and the
rraduations should te of ecual height and prrpendicular to the line
of separntion.

The lirhting system of the vertical dial microecope objective
is adjusted by moving tne rrisms 5 and 6 (see Fig.3) which are 1lit
by sn electric lamp in a special housing fixed to the alidude prism
mounting. The illumination of diametrically opnosite gracuations



rhould remain equal and uniform when the slope of the telescope is

altered.
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Fig. 30. Theodnlite without telescope on special stand

Tarallax between the images of opposite graduations of the
vertical diul is corrected by tilting ore of the alidade prisns.
Here, the same conditiors should be fulfilled as in adjusting the
opticsl system of *he objective of the horizontal dial microscope.

Tue run Of lhe veriical disl microrcope 18 corrected by

O

[al
D%

sltering the uir rFap bevween the camponenta of the micr

(¢}
O

Pie
otjrctive by moving the gecond comporent which if in the left-hand
urright ot the stand and the first component which is within the
mounting of the vertical dial alidade prisms. The marnitude of the
run on the objective of the verticul dial microscope shoiuld not

exceed 3 divisions of tne seconds disc.



Run chould be prevented by following the guidance given
above., After adjustment, the gaps betwoen the alidude prisms and
their mountings sre filled with s.ellac and thLe mountings of the
components of the objectives of the vertical disl microscope are

secured with locking screws.

34, Pitting of the dioptric ring

In setting the dioptric telescoje “o zero the telescope
gruticule in observed through the eyepiece. The eyeriece is
focussed to give a sharp ima;e of the graticule; the zero
graduation of the dioptric ring is then made to coincide with the
rointer index and the dioptric ring is locked.

The correctness of setting of the dioptric ring is checked
by means of a dioptric telescope set for dioptry of +5. Here, the
image of the telescope graticule should be uniformly sharp and

distinct.

35. Fitting of graticule
The instrument is levelled on its stand and a plumb line is
gset up 10-15 metres distant from the instrument. The telescope is
aligned on the nlundb line and the oraticule 4a get on it

M

During the process of adjustrient and during final cssembly

steel parts are cuvered w ti. srecial lubricants and coatings to

prevent corrosion.




After finsl asgemdbly, to seal the instrument hermetically,

gays at joints btetwcen the parte sre filled with a specisl compound,

using an electric soldering iron.

%6, Study of aterrations in the
teleacope optical svstem

Determination of the telescope resolving power by the rethod
described above and of the quality of centering of the objective
syster by an illumineted point in the collimetor focus does not give
a full underctanding of the optical prorertic: of the system. In
Class 1 triangulation wor¥ i¢ !{s necessary to cbserve stations at
dintancesn (f 25 ¥m and more and, therefore, the opticul systen of
the sicht tube should be of very hijh auality.

Defects 4in opticual systems recult from inadeauate finishing
of the surfucea, from variations in the lasc, from the influence
of the sphrricanl rhare of the a .rfaces snd 4l1lso becususe the lirnht is
not monochromntic.

2/ way of example, we describe an examinution of the teles-
cope aterra‘ions in a Wild T? optical ti.eodolite which was made by
Erginear B.7, Grishin and Candicdate of *technicusl sciences
V.A. Afunan'ev in 1040, The teastn were mude Yy the GOI method,
ueing a Hur+% an bench wirth a telescore ol jective Tocul lengin of
an™ .68 nm,

T.e GCI method is un inyroved vipual llartran method, which is
besed on uring <*he pheromenon c¢f interfercnce from diffracted light
formed by a narrow slo%. Ilere *he interference rlays an auxiliury

rart :nd Lelps to locate riorc accurately the focun of the opticsl



nystem of the objective undar test, I!'nlike Veyzel's method (in
which two aperturos are used) the GOI meti.od uses 8 diaphragm with
two pairs of apertures located symretrically relutive to the centre
of the collimator objective.

Teating an obJjective by the GCI method consists in focussing
th: Interfererce baunds of light from tlhe corresponding zones of the
objective system which is being tested. The procedure for
examination of the tele-copre system for aberrations is as follows:
the telescope opticel system wes first examined for aberration,
then the objective, after whict the mounting with the acrtual
objective (the three front lenses) wus unscrewed and the objective

itrel! examined.

Spherical and chromatic aberration and axial astigmutism were
examined., Before the examination a slot diasphragm was installed on
the collimator axis of the opticul bench. A dlagrem of this slot
is given in Pig.31, where S 1is a strong source of light (ouch as
a peint-source lamp), K 8 condenser, ¢ a filter, D, Js a slot
diaphragm, Ck a test system evepiece, O1 the objective of the
system under test, D2 a zonal diaphragm, O2 the objective of the

bench collimator and P ¢the focusn.

. R ¢ ﬁ*
A e 2 L0 ————
“_} oo . V 'V_v’/' ¥

Fig, 1. Ofagras of setting of telescope test systes
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Then 8 collimator was fitted to the telescope system under
tecst in such 8 way thaut the diuphragn slot was in the outlet iris
(the telescope under test was focussed to infinity). A specisl
zonal diaphragm was mounted on the bench telercope (Figs.32,33).
This diarhragm is simple in cornstruction ard conveniernt in use, on
ite body there is a gap 25 mm wide and a pointer (Fig.33). Cecured
to the dlapurugm frume 18 a dirc in which holen are drilled 1 mm
in diameter and 2.5 rio arart. Fairs of holes are arranged in an
Archimedean spiral (Fig.2%2)sti.e disc ulso has numbered points which
indicate tie number of the rone. By roteting the disc two pairs of
holes in any zone cun be opened. Fig.2%2 shows that zone 6 coincides
with the index of the diaphragym and Fig.33 eshows two pairs of holes
coincide with tue slot.

The bench telescope (collimator) has a removable eveplece
on which divisions are marked. There ia & vernier on trne telescone
frare. In exam ' ning tie teleccopre objective the diaphragm slot is
set in the focus of the test objective.

The rrocess of measuring aberration is as follows:

1. Two pairs of tLolea of the corresponding zone are opened

in the 2zonal diaphragm.

7. The interference tunds are made to coinciae by observing

t
¥

e

e

8 =ack

O

ti.rcugh the optical Yench telescope and cpcecrating
eyeplece part of the telescoje. Pig.?# sliows the field of vision of

the bencl. telescope (collimator) at the instant of opening the

aperture of the next zone. Pig.35 shows it at the inctant when the

interference bands coincids.

h1



e

Fig. ). loma) dlaphrage (froat viev)
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Ly T _E

Fig, 33, loma) diaphrage (rezr viev)
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3. After the interfer:nce bands have bmen made to coincide

a reading is taken on the optical bench telescope vernier.

Fxaminations were made on 7 zones every 4 mm because the

free aperture of the telescope objective under test was 60 mm.

Flg, WM. F{eld of visi t collimator at tnstant
e Sl s Rt ST Flo 3 anialariinnce vines Sotacil '™

Pive readings were taken in each zone. To determine the
chromatic aberration the measurements were made with various filters
(yellow, rcd and green)., Astigmatism on the axis was measured with
8 yellow filter and when the slot was vertical the holes in the
zonal diaphragm were horizontal and when the slot was horizontal
the holes in the zonal diaphrugm were vertical, i.e. the zonsl

diaphragm turned through a0® ir a plane perrendicular to the

collivautor axis. A.l the data of the exemination aro pruvnonted in

the form of tubles and rraphs of aberrat:on®.

¢ Par workine out the results of aterration investigations on

optical cystems mee <the boov by V.A. Afanac'ev 'Iractical ipplied

Optics' (Irakxtikum crtire), Cendrzizdat, lloscow, 1041,
p-103.

-~ 4.3 ..A
e et hednoy
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The aberration coefficient bsﬂ was calculated by the

formula
T
(23)
where A is the reading on the collimator vernier (mean of five),

f 18 the focal length of the system under test, F 1is the focal
length of *he bench collimator. Since *..e focal length of the

collimator is known (I = 909.69 mn) we obtain:

3 AR
tSa =A,,(. .69) c (2“)
The results of aberration determin:tions are given in Tables 2, 3,

4, 5, 6, 7 and 8,
Prom the tatles snd fipures, it will te s-en that the

aberration of the actual objective is much lecs than that of the
telescore as a whole. Anulysis indicntes that:

1. T.e aterratiorn of %uie sctual objective does not exceed

tue tolerance linmit.

2. Tue telescope objective hus chromatic sberration somwhat
exceeding the tolecrunce limit; the sphericu:l aberration and

astigmatism are within tolerance.

3. The telescope as 8 whole has considerable chromatic

ahberration.

Astigmatism on the axis is insignificant and is of the order

of the error of measurement.
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Table 2

Results of measuresents of sperical) sberration
of the actual telescope (Fig, 36.)

Filter |Red A=0640{Yellov LA=586] Blve 14

Zone a8 A | 8S°a Ay | 8% Ay | 887
4 368,2 4.49 33,0 | 3,72 | ¥%7,) 4.3
6 368,41 4,52 364,31 3,91 | 67,7 4,42
n 368,2 | 4,49 | 364,3| 3,91 | 368,00 4,46
14 368,1 4,48 | 363,9| 3.86 | 367.5| 4.39
18 368,3 | 4.51 364,2| 3,90 | 368,3 | 4,31
n 28,4 4,52 ( 3648 3,99 | 370,0| 4.76
26 39,2 4,64 365,7 | 4,12 | 371,6 5,00

Y ade 05 ST Q707 UTJS‘ [

Flg. 3. Graph of spherical aberration of the actual telescope
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Results of astigeatise seasurements on the axis of
the actual telescupe (Fig, 37.)

Table 3

SI:;mlan i Yertical Horfzontal

Astiqeatise
on the axis

A“&S'.O—BS'.“

lone se A, | 8S7a, A 8S7a,,
4 364.9 | 4,00 | 3«5.3' 4,06
366,8 | 4.2% | 36,1 | 4,18

10 36,1 | 418 | 35,1 4.03

4 365.1 | 4.08 | 365,1 | 4.0

18 5.1 4,03 | 3650 | 4.02

22 65,0 4,10 Jo4 , 4 3,43
26 36,5 | 4,24 | 365.2| 4,05 !

'

—0.0
+0,10
40,15

0,00
40,01
+0.17
40,19

Fige 31, Graph of astigeatise on the axis of the sctea) telescepe
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Table 4
Results of spherical aberration detereinations on the

telescope objective (Fig, 38)

h \Hlter Red ») =640 Yellov a=-5K6/Blue =434
l o — . —
lone oo\\\\\\\ Ao ! LA A 8% | A , 05°s
R } -
i |1 s 3.6 8,48 | s8] 877
6 331,91 9,12 | 32%,9, 8,68 | 330,1 | 8,85
10 3304 | 8.9 341! R.56 | 3304 8,9
14 32,1 95 | 327.8 | 851 | 3306 | 8.9
In | 340,06 ‘ LRI i RPLIW! l LI %4 Bo,e W
7 331,20 9,02 487 R65 | 33,7 9.0
26 330.2i R, 87 l 329.7 8,79 l 333,0 | 9,28
i 1
Noe-
LA /’
"

NI T O S O IY | Sh on

Fig. 3. Graph of spherical aberration of the telescope ebjective
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Results of astigeatise seasuresents on the axis of
the tube objective (Fig, 39.)

Tadble S

™~ S‘:;“"on Vertical Horfzontal Astigmatise
zm oy ' Ao aS..O A;) | .S'A'o A-DS'M—OS',’O
-
4 327.6 8,48 | 327.5| 8.47 40,01
6 32,9 .68 | 328,1 | 8.5 40,12
10 328,10 ' 8,5 @ 327,81 R.51 40,05
1 327.8 | 8.5 | 327.9| 8.53 —0,02
18 28,2 8,87 | 3280 .54 40,03
n 328.7| 8,65 | 328.4 | K.60 40,05
2 ' 3?9.7| 8,79 | 329,2 | 8,72 +0,07

Fig, 39. Graph of astigaatise ea the azis of the telescepe objective
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Results of spherical aberration seasuresents of the

sctus! objective (Fig, 80)

Tedle 6

Filter
lone sa
4
10
14
18
n
2"
L
N
2
8
- 3%
10
§

Red 1 =640| Ye)lov 1=3586] Blue A=44
.s'. .s'. wl.
6,207 6,00 6,91
6,377 6,519 6,497
8,604 6.52) 6,463
6,539 6,646 6,438
6,549 6,608 6,487
6.514 6,581 0,428
6.523 6.617 G.448

IO S T e -

Fig. 80. Graph of spherical aberration of the actesl sbjective



Tadle ?

Results of astigeatiss seasuresents on the axis of the
actual objective (Fig, 81.)

slot Astigastise
position Vertical Hordupntal on the axls
lone se S8 85" ngo A-LS'N-OS'.”

4 6,29 6.31 —0,02
[ 6.5 6,43 +0,05

10 6,46 6.48 -0,02

14 6,49 6,51 —0,02

18 6,49 6,51 —0,02

n 6,42 6,46 —0,04

26 6,45 6,42 +0,03

Fig. V1, Graph of astigeatiem on the axis of the sctual ebjective
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Table 8

Susaary table of chrosatic aderration seasuresents on the axis
of the actua) objective (for h « 72 se, Figs, 42, A3 and A4,)

Colour Actua! Objective Actua)
(vavelength) tube objective
|
C (» = 640) 4,52 9.02 6,51
D (s = 5%6) 3,9 8,65 6,43
F (L= 434) 4,76 9,09 6,58
Fig. 42, Graph of chrosatic aberration of the actua) telescope
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Examination for aberration of telescopes of an opticsal
theodolite, a8 of any othur telescopic system, is of pressing
importance, particularly when the optical parts o! the tube are
made from glass in which there are small deviations from the
technical standards and also when exumining the udvantages of one
system as compared with another. PFinally, investigation of the
aterrations of an optical telescopre system is very important in
developing prototypes because it rrovides a tasis for icproving

quality.
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Chapter S

CLEANING, LUPRICATION, MINCR ADJUSTI'ENTS AND
PRCCEDURE FOR REPLACING INDIVIDUAL CONPONENTS

3?7, Cleaning lens, prisms, und seconds
disc

The following material and ins‘ruments are required to clean
the optical jarts: ©OKY ethanol, ether, avia*ion (asoline,
hygroscopic cotton wool, shnrpened sticvs of wo.d, Lund towele of
fine linen, camel-hair brushes, a rubter bulbdb, forceps, a
watchmaver's screwdriver, wooden tonguee for unscrewing the mounting
of the telescope ohjective, a 10 x magnifying glass,

The lenses of the theodolite ontical system are cleaned in

various ways. Lenses which are not secured in tle mounting are

cleaned by hand. Uncemented lenses are cleaned with cotton wool
wetted with ethanol, after which they are dried with a cloth. Then
the lens is held in the forceps and the dust is blown off with the

rubber bulb, and what remains is removed with a camel-hair brush.

When cleening cemented lenses it is important to ensure that
the spirit does not get between the lenses and damage the cement.
Cemented lenses are clcaned in the same way us uncemented.

when cleaning lenses of the telescopec objective and

eyeplieces the srucer rinegs should ulso be cleuned. The spucer rings

are first waghed ‘n aviation fasoline and ore then cuarefully wiped

with 8 cloth. To remove fluff from a npucer rirgy 1t in dipped in

9



ether and immediatcly after removal it is burned.

Uncerented prisms sare washed in spirit snd dried with a cloth.
The priem is ti.en picked up with the forceps on the ground surfaces
srd duet is blown off with tle rubber bulb. The remaining pleces
of dust are reroved wi-h the c-mel-hair dbrush. In cleaning cemented
prisms, for exuample the sepurating unit, particular care must be.
token and the cotton wool rmust te only liglLtly moistened with opirit
without wetting *the cererting.

The telerncope pruticule ic cleuned with cotton w~ool noistened
with spirit, tawdir .- care tLa*t ti:. spirit does not et into tue
cerenting.

It is rarticularly difficult to clean the seconds disc 24
tiie 11lumina ' ing prism and the prism vhich transmits the imuye of
“he dial graduatio~ s 28, It i8 not recommended to use ethanol to
clean 'hece parts hecause the spirit reroves the palnt wulch 18 usea
to fill the gradua*tions of the r~rconds disc and the diaphragm of
the prisms. 1In thi« cuse the cotton wool s lightly moistened
witl pure fasoline. After the rart has beern clesned it rhould be
wired w ti cotton wouol a* icued to o sticv, the reruining fluff is
removed . ith a c:rel-Lalr trush.

The followirr conditions o, ply in c¢leuning optic..l jurte:

1. The room in which the cleqning !¢ corricec out csheould be
dust-free;

2. *he room should 'e suff.cientlv dry, tuere should be no
su:dden chnrges in termrer *ure, becausc these cur cause Cdcposits ‘o
forn on tl.e surfaces of opticel parts;

%, the operator must have clean hunds,
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38. Lubrication of components and
ascemblies

Both the vertical and the horizontal axial systems of an
optical theodolite are lubricated with special watch oil with a
specific gravity of 0.900, neutralisation value less than 0.11 mg
KOH/g, viscosity of 4 ,27° Engler at 35°C and the pour point about
-26°¢.

Before lubricating the verticul axis the vertical axis main
bearing, the bearings and all the other 'urts of the vertical and
horizontual axes are corefully wushed ir aviation gosoline uand then
dried.

The puarts are protected against oxidution and water
absaption by a compound of the following composition in percentage
by weight: soap 5, high melting point ceresine S5, aviation engine

oil 42.5, bore o0il 42.5, and natural wax 5. This compound is

applieda to tre Iolliowing pmiis of UL OF 2l thoecdnlite:  the nuter
surfuces of *i.e disl bush, the split ring, the clarping sleeve of
the horizontal dial al dade, the clemjing nut, the mounting for the

level tuldb of tne herizontal dial alidade, the wall of the right-hand
upright of the stand on the select«r prrism s.le, the housing of the
vertical disul alidade level, the cover of the cbjective knob at the
rlace winere it fits with tiie mounting of the actual objective, the

telescope cover at places where it fits with the telescope, the

outside of the mount ng of the focissing lenses, and the inner

s.rfaces n{f the Ytearirg-.

The compound which is applied to componente which are remote
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rom che optical parts is of the following composition in
percentare by welght: hipgh melting point coresine 26, vaseline
oil 55, lenoline 3, natural wax 11, ozoverite 5. This compound is
arplied to: the mountine of the slidude 1risma of the dial and of
the vertical dinl, the carrier base (inner surface), the mounting
of the sewivelling priem, tlie horirontel dial, comp.nents of tue
optical micrometer, the mounting of the uwctusl objective, the
telescope frame, the gro.dcule mounturg, the irrer surf.ce «f the
telencope socket (except the senting place of the micromuter beuring)
the inner surfuce of t.e¢ verticul turntable housing (exc pt where
t . turntuble neatn).

The seating places of the lhorizontul dials on tie disl
cleeve, of the vertical cial on the verticul turntuble housing, the
8lidude prisrs snd %tie spacer rings brtween the obJjectives in the
telescore are wired with a cloth scaked in the lubricant used for
components clore to the optical parts.,

To ensure that *he instrument is hermetically erenled all the
corponents which cover up ingres: to the instrument must be couted
after final sdjustment. The compound used for this purpoce has the
foll wing prrcentage compuosition by weight: ozoverite 55, technical
vaseline (petrolatum) 25, gum rosin 20; alternatively the following
corposition may be used: high melting point cerecine 31.5,
beeswax 30.4, technical vaseline (petrola‘un) 4.7, gum rosin 21.5,
caster oil 1.9, Both these compounds are fairly herd and solid ard,
therefore, they are urplied to the gaps between rarts w:.th an

electric soldering iron. In the optical theodolite OT-02 the Jjoints
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between the following adjoining rarts are treated in this way. In
the lower part of the theodolite, between the carrier and its

base, the carrier base and the dounting of the dial illuminating

prism, the gear dblock and the carrier. In the central part of the
theodolite, between: the cover of the selector and the support,
the mounting of the swivelling prism of the vertical dial and the
support, the mounting of the cover glasa and tueright-uend wall of
the support, the mounting of the second component of the objective
of the vertical disl microscore und the stond. In the urper part
of the theodolite between the telescore covers and tue teleccope
socket and between the obJective know cover and the mounting of the
actual objective, be .een the mounting of tl.e micrometer and ¢the
micrometer bearing, bet een the turntable tearing and the ricrometer

bea:ing in the stand.

30, Tue correction of deferts in the
axial systens

Before conside.ing the correction of defects in the axisl
systems of the theodolite we ci.all diacuns the procedure for
dismantling the princiral conponents of the inetrument, particularly
the lower and upper parts.

Procedure for dismantling the lower rart of the theodolite

Piret unscrew the locking screw 7 which fixes the sge:ting of
the horizontal dial @ idade trisms to the stand (Fig.45). Then
unscrew the locking screws from the nuts wvhicl, fix the levelling
cerews to the carricer after which unscrew these nuts ..ith a sjecisl

epanner., Tlace the instrument upside down in a r~pecial wooden
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stand (see Fig.24); remove *he bure plate together with the
levellirg nacrewr; dincorrect the electr‘cnl cordictors from the
rec*ct on the trare of the carrier; unscrew the screws which fix
the baure to the carrier and remove i1t; corefully withdraw the
cerrier with the olidade rrisms whilst svoidirg toucking the prisms
by hand; cepurate the conductcr with the sliding contuct ¢ (=mee
Pig.1)from the YlocY; wunscre. %.e catch fror. the alidude clam: ;

11 htly turn the currd -, 14ft i1t and rerove it frow the axis
(tu'in,- care that the bulls do not full out); wunscrew the three

screws that fix the catch sleeve to the currier; unscrew the

cotch rlesve togcethiur with the catch.

If the lowcr part of the theodolite is dismuntled for
lubrication tuhe clamp if not dismantled but the catch wh ch fixes
t'e nut to tue clamp sleeve i3 unscrewed. Undo the nut and renove
the horizontsl diusl &lidacde clamp of the horizontal dial. In
scssembling the clump with its sleceve *u“e care to ,ct tue trake
bloc* in its yrevicus jositicn.

Next unscrew the four screwe which Join the two Lalf-rings
to the ver*‘ec»l uxis main besring and the diul slecve t: the carrier,
It i8 recorr ended to rnar¥% the vertical axias main beurirg ard the
half-rings so *nat they can te rlaced in the came rositior on
re-ussembly. In dismantling this a:reembly take particulur care with
the dia) sleeve to ensure t. at ti. disl setting is not disturbed,
particularly when it is not irtended to reset it. If the dial
eccent-icity exceeds 10 seconds, it is necescary to set the dial by

the procedure described above.
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Flg, 45, Theodolite type 01-02

21 « lock far horizontal dial altdade prise sounting; 28 - telescope socket; 29 « tuntable beart
30 -‘c np ?or ?ovo? of vertical dial aliiade; 3 -QCUntact ring; S - pluq'sockot ?or o?ectr::;t:q'
supply,

Assemble the lower part of the theodolite in the reverse

order to tuuat cof dismantline.

Procedure for dismantlin, the upjer rurt of the theodolite

Unncrew tlie locY of tiue tele:cope sighting adjustment screw

and then unsrcrew tie adjuntment screw itself; undo the ccrews which

secure the clanp cover plate urnd remove it; undo the four screws

whicli sccire to tlhio bupre the plute whicli cmrries the selcecctor pam

mechaniem and remove it,
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Undo the two ecrews which fix the micrometer bearing to the
right-band upright of the stand and the Bix screws which fix the
telescope socket tu the vertical turntable noting thie mutusl
location of the parts with a light maurk. Set the telescope and
clamp approximately horizontully.

Then tave tlie micrometer bewring &rd ti. telescope soclet
with the teleccope in both hands withiout separatirg them and move

then a1 ng the plsne of the right-hund upright, withdro~ the Jjoint

tet-een them from the v:rtical turntable hiusing und remove them
from tre instrument, This oprration riuet be curried out with gresat
care and wi.thout bending so that breuaking of tie vertical dial
alidade: prisms is avoided. Vhilst the operation ie belny performed
use only one i.ar.d to hold tne micrometer beuring close to the
telescojpe sucket,

Curefully sepurate the micrometer bLearing from the ‘elescope
socvet. In correcting defects in the horizontsl uxis system, if
thhere are no trucer of strain on the lcaring, or scrutciies or the
live, it is not rnecescory to withdraw ti.e optical micrometer from
the beuring, but cover the hole to prevent ingress of dust, also
clean and lubricate the equipment.

Unscrew the lock from the clamp nut, remove the nut itself
and remcve tle telerccore clamp together with t.e telescope socket.

Unscrew the lock of the level adjusting screw and undo the

acrew itself.,

Undo the three reinforcing screws and also one contact screw

on the bush of the verticnl dial 41lluminator. In undoing these
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screws press the alidade prisce nmourting lightly agains the
turntable seatingc from the mpide of the turr.table housinc.

Hold the mounting of *the v rtical turntuble alidale in the
left hand and remove the clamp from the vertical dial alidade level.

'ndo two screws which secure the gurrort to the buse under
the mounting of *tle cwivelling prism f the v rtical disl micrcscope
and remove the support.

Pelease t.e two adjusting screvs snd withdraw tle rounting
with tle awivelling prism fro:. the sturd mccvot,

Carefully withdraw the mounting with *'ie uslidade prisms.
In doing tiiis 1t is necessnry to hold the wires with the contuct
screw, Remove the vertical turntuble housing from its tesring;
unless it is escentiul to do so, do rot r:move the turntable teuring
from the =tard t.cuuse {+s posgition in the stui.d affects the
sdjus‘rent of the horizont:.l and verticus) diel rdcroscores.

Asgenble tue urrer rart in the reverse order to tiat of
dirmantling.

Defects in the axiul systemg of the thendolite

1. Difficulty in rotaticn stcout *he virtical axis.
?e DIfficul®y in turrine the teleccope,
3., JIuradrg in. the Rerizconta®l axie : mten.

Nifficul*y in %urninr tie uxis evstens, which Lave srall
clearance of the order of 0.,0015 mm, is pgenerally due to thickening
of the watch-0il. This 18 corrected by replacing the oil. To do
this, dismantle the instrument, remove the old ludbricant from the

componcnts of the axial system, ard wipe them carefully witi a cloth
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roistened with aviation gasoline and tlien again lubricate them with
watch o0il. “hen asserble the theodolite and adjust it. The con-
ponents o. the horizontal axis system must be cleured and lubricated
with prarticular care htecause optical components sre present in the
bearin;e ard the telescope socket,

Jamming of the horizontal uxis s:stem of tie instrument
usually results from displacerent ¢ the beurings (misalipnment) by
r..chanical cshock in transportation., Conseqiently, the telescoye
will not turn and & crossed image of ti.e dial grudusations is seen
in the fielcd of vision of the r ading microscope. Take the following
sters if one micromet~r bteuring Lius been displaced. Slaucven ¢ff by
two or three turny the sacrews whicihh fix the microreter bewuring to
the stand. Look through the readirg microscope und nove the
micrometer btearing in the support plane on the stard until the
irares of t. e diul graduations ure correct and at the surc time the
telercore t'rna freely ahout the horizontal axis. Then sccure the
micrometer bYearinrg,

If both bearings huve been dieplaced, again slacken their
liolding screws by two or three turns, jress both bLeurings by hand
tcwards the telescope sucket ard *he verticul turntuble housing and
disnlace t.e entire syeter of the upper purt of tie instrument on
the support plune of the stund until the images of tiue dial gradua-
tions are correctly located in the reading microscope and the
tclescope turns freely. Then carefully tighten the screws which
secure the turntable bearing to the stand. Jres: t.e micronmneter

besring towards the tele:cope sock~t and observe in the rending
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microscope whether there has been any displacement. If there has
not, then secure the micrometer bearing.

In setting the turntable and micrometer bearings the
micrometer index mav become displaced relative to the place where
the diametrically oprosite graocduations coincide, for example,
a0 - 900. 7o correct this, unscrew the swivelliny prism of the
vertical dial ricroscope with tue adiucting screws. Then the jlace
where the dinmerically oprosite craduntiorns Hf the horizontal dial
coincide, for in<tuance, N - 1Pﬁo, should gimultaneourly coincide
with the micrormeter irdex.

dten diare’rically oprocite rpraduations coincide ut the
pesition of ti.e ricror~ter index, cli-ev the genersl sdjuctrient of
the ins*mment, 1.+, chee’ the collimation error, the setting of

tlie zenith, ete.

40, Nerair of the opticusl ricrometer
The optical micronet r may nave various defects which call
for adjustment or replacerment of cocponents. The farmer are
corrected ty the rrocedures described sbove, and for the latter,

spare parts are reauired.

To correct the micromet: r remove it from the instrument,

first undoing the screws wuich secure the micrometer to the bearing,

then examine the fixings of the lever springs and the springs

themgelves.

The optical micrometer i1s dismantled as follown. Undo the

micrometer head lock, remove it from the cam shaft; undo the screw
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which secures the cam to the cam sii. 't and withdraw the cam shaft
from the seconds disc. Then undo the screws which secure the
micrometer bridge to the microreter mourting swnd, freeirg the lever
sprini-s remove the micrometer brid,e.

Further, undo ‘le screws which secure tie lev.r bridge to
..o micrometer mounting, remove it frcer the mounting and then
remcve the levers and c.ms; examine tne lever guide pine. 1If
these Lave been tent or damaged replace thenm witl, new ones made of
nteel grude U?A or UPA Lardened *o R, = 40 - 45,

After setting the g i1de pins on the levers aseemble the
opticul micrometer and examine ite operation; 1t i3 corrected by

fitting new sirirys a81d ulso by rolishing ti¢ lever shufts,

41, Rerlucerent of the horizontul dial

Jf the horizontal dial has become crac¥.d or dumaged in any
woy as &8 result of shock or cdropning the instrurent it must be
replaccd. To rep! ¢ *Le dilal dismanrtle ‘he louver part of the
theodolite by the procedure descrited above. ‘'i.en tne defective
dial has been rermoved frcm +he c¢ial turh wush tue seuting pcsition
carefully wit!l aviation .nsol’‘ne urd dry it with & cloth.

~l.e diul, on 8 rrecial fitting, is fi+ted ir the diol bush.
ml.e proccdure for fitting the horirzontal dinl ia described above.
After the dial l.ae “een fi“tid arserble the lower part of the
‘heodolite snd adjust *le horizontal dial microrcope, 1.e., ‘ocus it

and correct rarallax, run and «o on.



02, Replucerent of the vertical dial

Like the horizontual dial, the verticnl one is rerlaced if
cracked or domaged, To do this, disma;tle the upper nert ¢f “he
theodolite (tlie *elcescore #rd horizont 1 axis) by the nrocedure
dercribed sbove. Vercve the verticul diany snd curefully wash the
tearing ard then wipe 3% with a cloth.

The procedure fo: fitting the verticnl diol is described
ntove, After it l.as boon fitted accerble t..a ujprer purt of tle

‘L.eodolite and adjust tle vertical dia) ricroccoype.
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PAKRT 2

OPTICAL THEODOLITE TYPE ThB
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Chapter 6
GENERAL INPORMATION
4%, Description of theodolite

Optical theodolite ThB, like type 0T-02, is a bhigh-precision
geodesic instrument. It is comparatively light in weight and
convenient in use. The images of the graduations of the horizontal
and vertical dials are transmitted by the optical system of the
objective of the horizontal and vertica. dial microscopes onto a
common field of vision of the reading microscope, the eyepiece of
which is located alongside the telescope eyepiece. Dial readings
are made with a single optical micrometer with a scale calibration
of one second per division. Tenth parts of a second are e¢stimated
by eye.

The theodolite telescope is straight, of astronomical type,
and has internal focussing. The horizontal and vertical dials are
nade of optical glass. The instrument is provided with electric
lighting. The theodolite weighs 10.5 kg, the carrying case and
fittings 7 kg, the tripod 9 kg, and the centering plate 4.5 kg.

Optical theodolite ThB consistes of two main parts: the
upper and lower, which are joined together. General views of the
theodolite are given in Figs.46, 47, 48 and 49,

The base plate 1 which serves as a basis for the levelling

screws is secured to the centering plate or tripod by a fixing screw

or a special screw.
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The principal component of the lower part of the theodolite
is the carrier 11 with two levelling screws 2 and one support 12.

The upper part of the theodolite rests on the carrier. The levelling
screws are used to set the vertical axis of the theodolite over the
plummet.

The socket 28 (FPig.48) in the base is supplied with
electricity for lighting the dials and the graticule. The optical
plummet 36 (Fig.49) for centering the theodolite is attached to the
base of the carrier. This optical plummet has a magnification of
1.25 x , 8 field of vision of 8%, and can be focussed in the range

of 0.2 - 7.2 m. A general view of the optical plummet is given in
Pig.50.
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719. 48. Theodolite Th8 (from contact level -ide)
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Before centering a sharp image of the graticule iec obtained
by turning the eyepiece ring of the optical plummet and turning the
focussing ring to obtain a sharp image of the centre position.
There is an adjusting screw for adjusting the optical axis of the
optical plummet graticule relative to the vertical axis of rotation
of the instrument.

The carrier levelling screws are of the closed type and so

are protected from dirt and dust. The travel of each screw can be

udjusted.
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Fig, 49, Theodolite ThB (with covers 41 and 42 removed)

11 - lighting airror for vertical d zl ]8 - lighting airror for horizonta dial o ontfct |.v:
cover; ;ﬂ - condenser ?or el frlc of cnntacf level and horigontal dial; } . §0v0 * ing
screvs for hor‘zontal dral ai\dade 33 ?croscope eyepiece; 23 - telescope Gpriece 4 - telescopy
eyepiece protective ?ovn? 3H. rﬁeostat ?6 - optical ?lu-ae 39 « fore and bag ?hts gr
appro:unage alaing ot telescope; 40 « adjustaent for gralicule lighting; 50 - pla - catch for
reading microscope,
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A dimmer rheostat 35 for the electric lighting of the dial
graduations is fitted in the carrier. The base plate 1 (Pig.46)
is secured to the carrier by a locking catch.

Tue horizontal dial is fixed to a dial bush which rotates
around the vertical axis main bearing. When the horizontal dial is
being adjusted it is turned oy turning the knob 21 (Fig.47). The
main bearing of the vertical axis is secured to the carrier. The
upr.er part is the most important and complicated part of the
theodolite.

The vertical uxis of the inetrument is cylindrical ard
rotates in a cylindrical sleeve (or msin bearing), and is fixed to
the alidade part of the instrument; the horizontul axis of the
instrument is a complicated assembly (see Fig.57) to which the
telescope and reading microscope are fixed.

Cne end of the horizontal axis fits into the eccentric

bearing 1 and the other end into the bearing of the verticeal

turntable housing 3.
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Ftg, 50, Optical plusmet of theodolite Th9



The horizcntal and vertical dials are illuminated by

identical rotating mirrors 13, 18 (Fig.49). The contact level is

illuminated through the window 27 (Fig.48) which is closed by a

tilting cover 16.
Por operation with electric lighting it is necessary to

fit the covers 41 and 42 (Pigs. 47 and 51) first setting the
lighting mirrors 13, 18 in the path of the light from the condensers
14, 30. The cover 31 is securec by the catch 43 (Fig.4?7) and the
cover 42 by the screws with springs 44, If it is required to
correct the position of the lighti.g mirrors the shutters 45 on

the casings are tilted and the ad jut‘ment is made through holes.

The borizontal dial and contact level are lit by an
electric lamp fitted to the knob 17 (Fig.4?7) of the electric light
switch. Light from the lamp passes through the upper lens of the
condenser 30, fulls on the contact level and tiLrough tue lower
condenser lens 30 (Fig.%9) to the lighting mirror 18.

The verticasl dial and telescope graticule are 1lit by an
electric lamp attached to the arm 22 (Fig.48). The light from this
lamp passes through the condenser lens 14 and falls on the lighting
mirror 13,

To change the electric lamp which lights the horizontal
dial and contact level, withdraw the pins which are in slots in the
knob 17 (Fig.47) and, holding it in the withdrawn position, unscrew
and remove the knob 17 to which the lamp holder is fixed. |

To replace the lamp which lights the vertical disl and the

telescope graticule undo the retainirg screw 23 (Fig.48) and remove
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the arm 22 to which the lamp Lolder is fixed. The electric
lighting of the horizontal and vertical dials, of the contact lsvel
and graticule are switched on together by turaing the knob 17.

when making astronomical readinge the eyepiece lenses are
removed from the telescope and reading microsccpe and replaced by
suitable prismas, If the light is too brig..t, so that it is
difficult to make observations, a red or yellow light filter is

placed on the telescope eyepiece.

Fig, 51, Cover for lamp

o) - top cover; 42 - lower cover,

Two flat spring supports 34 (Fig.49) protect the telescope
eyepiece from shock if it hits the lower part of the stand. The
telescopegraticule lighting is adjusted by turning the adjustment
knob 40. The optical micrometer scale is illuminated together with
the dials.

The contact level of the vertical dial alidade has a scale
with an inscription every fifth division which is viewed through the
prism 15 (Fig.48) from the telescope eyepiece side. The level 3
is calibrated in divisions of 10" for 2 mm. As this prism can be
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turned over, the level bubble can be observed with the instrument
in the centre-right (CR) and centre-left (CL) positions.

Altogether the theodolite has three levels. The second
level which is calibrated at 2' per division serves to bring the
vertical axis of rotation approximately to the plummet centre
position. The cylindrical level on the horizontal dial alidade
with a calibration of 10" per 2 mm is used for accurate adjustment.

The telescope is focussed on the graticule by the
focussing ring and on the object by the telescope focussing ring 37.
Under the protecting ring 38 (Fig.47) there are adjusting sarews
for the telescope graticule.

In the CL position the optical micrometer is on the
right-hand upright of the stand. PFig.46 shows the optical micrometer
drum 8, above it is the telescope locking screw 7 and below it the
dial image selector knodb 9 which is turned to select the image of
tue horizontal or of the vertical dial. The images of the dial q
calibrations are observed through the reading microscope 6.

Before taking readings the illumination of the field of
vision of the reading microscope is mace sufficiently clear and

uniformly bright by adjusting the lighting mirrors 13 and 18 (Fig.89)

Flg. 92, Field of vision of readfn? elcroscope Fig. 3. Field of vision of reading sicroscope
vith sicroseter in 1nmitial gosition vhen reading 90956, 9*
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There are two windows in the field of vision of the
reading microscope (Pigs.52 and 53): tLe left-hand one is the
larger and the right-hand one is the smaller. The left-hand window
displays the image of the diametrically opposite double lines of the
dial and the numbers marked against them (the index is in the
upper part) and the right-hand window displays the image of the
scale of the optical micrometer and the numbers against the
gruduations. The dial gruduations are made to coincide accurately
by turning the micrometer drum.

In the left-hand window (Fig.53) the inscription against
the upper double line to the left of the index indicates the number
of degrees (90°); the number of intervals between the upper line
and the lower one which differs from the number on the upper line
exactly by 120° gives the number of tenths of minutes (50 minutes).

In the right-hand window (Pig.53) on the left of the scale
the number of whole minutes is read directly from the index of the
micrometer scale (6 minutes) and on the right the number of whole
seconds (36 seconds), and the tenths of seconds are estimated by
eye (0.5 seconds). Thus the complete reading is 90056'36.5".

In order to make a reading on the vertical dial the selector
Q 48 turned until the letter H appears in the slot in its ¥knob
and on the knob itself, then the dial graduation lighting is adjusted

The subsequent procedure and the actual reading are just
the same as in reading the horizontul disl.

The zenith distance is calculated by the formula:
: KJI — KI1 4 360
7= 5 Sl
) (24)




and the location of the zenith from the formula

M'=K.¢1+Kn—360 .

2
The follow'ng formula is used to chtc:i:lo calculation of

the zenith distances:

Z=K1--M

é

and

Z=M, +360° — KN,

44, The optical system

The optical system of theodolite ThB is represented
diagrammatically in Fig.54 and consists of the following main
assemblies and components, the optical systems of:

(a) the telescope;

(b) the horizontal dial aicroscope objective;

(c) the vertical disl microscope objective;

(d) the micrometer;

(e) the reading microscope;

(f) the opticsal plummet, and

(g) the horizontal and vertical dials.

The telescope optical system consists of a compound objective, a

graticule and two interchangeable eyepieces.
The principal characteristics of the telescope are:
Tube magnification, 34 x and 48 x
Angle of field of vision, 1%14'; 0952* 30"
Focal length of objective, 259 m



Equivalent focal length of objective, 381 mm
Diameter of free aperture of objective, 60 mm
Focussing range, from 10 metres to infinity
Pocal length of eyepiece, 11.25 mr and 8 mm
Magnification of eyepliece, 22 x and 31 x

FPield of vision of eyeplece, 590. 40°

Diameter of eyepiece iris, 1.75 mm and 1.25 om

The telescope objective consists of the actual objective 4,
5 (Pig.5%) and a focussing lens 3 (built up from two lenses), the
graticule consists of two c~mented plane-parallel plates 2, one of
which carries the hair lines {Fig.55).

The interchangeahle eyepleces are orthoptical and consist
of a cemented three lenn assembly and eyeplece lens.

The graticule position can be adjusted horizontally and
vertically, the adjusting screws are covered by a protecting ring
38 (Fig.47).

The opticisl system of the horizontal dial microscope objective

consists of a lighting prism 30 (Fig.54), a horizontal dial with
condenser 31, aiidade prisms 29, 26 (with a system of transmitting
lenses 28, 27) the horizontal dial ?5, a swivelling prism 23 and
objective 22, 21 with a magnification of 3.05 X .

The opticel system of the vertical dial microscope objective

consists of a vertical disl lighting prism 45, with condenser 46,
elidade prisms 44, 41 with transmitting system lens 43, 42, the
vertical dial 40, the prism unit 38, 37, the objective 36, 35, with

a magnification of 3.82 X | the prism 34, the collector 19, and the

selector prism 20.
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Fig, 54, Dtagras of optical system of thecdolite ThB

Filg, 55. View of graticule in field of vision of telescope
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The horizontal and vertical dials are 1lit by mirrors and
the lighting system consisting of electric lamps 49, 56 and

condensers 50, 57. Moreover, light from the electric lamps falls

on the metal mirror 58 to light the telescope graticule 2.

The optical system of the micrometer is arranged in such a way that

the images of the graduations of the horizontal and vertical dials
and also of the graduutions of the scales and index of the micrometer
sprear in the same plane and can be read through the reading
microscope.

The optical system of the micrometer consists of
stationary wedges 16, 17, micrometer wedges, 14, 15, the separating
prism unit 13, 12, the micrometer scale 18, and the plane-parsllel

plate 11 with diaphragm (Fig.54).

The reading microscope consists of the collector iens 10, the

reading microscope prism 9, the objective 7 and the eyepiece 6. It

-

is common to tie optical systems of the objectives of the horizontal

and vertical diusl ricroscopes, since both objectives are focussed on

a single plane which passes through the line of separation of the
separating prism unit 13, 12 and is perpendicular to the axis of the
collecting lens 10 of the reading microscope.

The magnification of tke reuding microscope is 16.6 x and
the overall magnification of t..e microscope for the norizontal dial
is 50.5 * and for the vertical dial 63.5 X, The field of vision
of the reading micrnscope in the horizontul and vertical dials is 2°

(in dial d:v.sions).
The optical systzm of the plumret (FPig.56) consists of &



prism 2, an objective 3 and an eyepiece 4. The hair line is marked

on the first lens of the eyepiece.

The horizontal and verticsl dials

The horizontal and vertical dials of theodolite ThB are
made of optical glass. The diameters of the circles on which the
graduations are marked is 125 + 0.05 mm, for the horizontal dial,
end 100 + 0.05 mm for the vertical dial. The total error in the
diameter f the horizontsl dial does not exceed + 2" and the
snallest division of the dials is 2C minutes! the thickness of the

dial graduation lines is 0.01 + 0.002 nmm.

— e e

o -

Fig. 56, Diagras of the optical arrangesents of tha optical plusaet
) < cover glass; 2 - prise; 3 - objective; & - eyepiece,

The tolerated eccentricity of the graduated circle relative
to the central aperture of the dial is of the order of 0.7 mm and
the plane surfaces of the dial should not be more than 20" out of
Farallel.

Optical micrometer scale

The optical micrometer scale is arranged in such a way that

displacement of the dial graduations by 10' caused by moving the

micrometer wedges corresponds to a scale displucement of €00
divisions in the field .f view of the reading microscope (scele

iength 55 mm).

. If the dial is subdivided into 4005 (grades), the smallest
division is 20°.
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IJf the Aial is divided into 360o the scale is d4divided into
600 divisions each of 1" and if the dial is divided into 400 grades
the scale is divided into 1000 divisions each of 1cc.

Microscopes and path of light

In the optical system of theodolite ThB the horizontal and
vertical dial microscopes are systems in which the optical micrometer
and the reading microscope are common to both. Let us consider tue
path of light in the microscope o’ the horizontal dial (Fig.54).

Light from the electr.c lump 56 passes through tne condensea
57 to the mirror 33. The lignt reflected from tue mirror rasses
through the prism 30 with the condenser, and lights the dial
graduations. Then the ligut passes through tne alidade prism 29
through the system of lenses 28, 27 and the alidade prism 20 which
reflects the light onto the Jiametrically oprosite part of the
horizontal dial 25. Close to the graduations of this part of the
dial there is alsov an ‘rmuge of the graduations located on the
diametrically opposite part of the dial, The srysteu of transmitting
lenses 8, 27 has a nugrification of unity and ¢ives an image of
the first graduations in the path of the light beam in the plane of
the graduations of the opposite part of the disl; as the light
besm from them passes through the optical parts 29, 28, 27, 26 the
brightness cf the image of these graduations is weaker than that of
the oprposite ones. Tue further psth of the light is downwards to
the priasm 23 which is fixed vnder the horizontal dial. This prism
dirscts the image of the diametrically opposite gruduations of the

dial to the microscope objective of the horizontal dial 22, 21.



The light passes through the objective (the selector prism being
out of line) and the light beams from the corresponding graduations
pass through their optical wedges 16, 17 (refractive angle 1°07' 30"),
the light beam then passes through the wedges 14, 15 of the optical
micrometer with refructive angles of 1°07' 30",

The angles of the optical micrometer wedges and of the
wedges above them are opposite in direction. Ths wedges of thLe
optical micrometer differ in thickness, they are made in this way
in order tc compensste the difference in the length of the path
of light from the opposite graduations of the dial.

After passing through the optical micrometer wedge the
light reaches the separating prism unit 13, 12 consisting of a
prism to which is cemented a wedge with u refracting angle of 20
minutes. Part of the prism surface under the wedge is silvered.
The beam of light which passes through the t‘hick wedge of the
optical micrometer 14 passes through the separating prism to the
wedge and is reflected from its back surface and re-enters the
prism; as the beam leaves the wecge an image of the dial
gruduations is obtained. The second beam which enters the
separating prism from the thin wedge, and receives an insge of the
dismetrically opposite graduations of the dia)l. The line of
separation between the images of the diametrically opposite
graduations is the edge of the silvered surface of the prism. To
the side of the separating prism is cemented the micromstcr scale
lighting prism on which the index of the micrometer scale is marked,
and to the front the collector lens 10 with a plane-psrallel plate

on which the disphragms with indexes are marked.



The images of the dial graduations, the micrometer scale
divisione and also the micrometer scale index are in a single plane
and are examined through the reading microscope which consists of
the collector lens 10, the prism 9, the objective 7 and the
eyepiece 6.

The path of light in the vertical dial microscope is as
follows (Fig.54). Light from the electric lamp 4° passes through
the condenser 50 to the mirror 48 (in Fig.54 the mirror 48 is not
orientated). The light reflected from the mirror paeeee'tbrougb
the prism 45 with the condenser 46 und illurminates the graduations
on the vertical dial. PFurtuer,the light passes through the alidade
prism 44 through the lens system 43, 42 and the other alidade prism
41 which reflects the light from the cdiametrically opposite part of
the vertical dial. Near the graduations ¢f this part of the vertical
dial there is produced an image of the graduatiorns on the opposite
part of the dial. Tue transmitting system of lenses 43, 42 has a
magnification of unity anc gives an image of the first graduaticns
in the path of the beam of light in “he plane of the graduations of
the opposite part of the vertical dial. As the light beam from the
first graduations passes through the optical parts 44, 43, 42 41,
their images are somewnuat less bright, than the opposite ones. The
light then passes through the unit wi+th prisms 38, 37, whicn is
behind the vertical dial and in which the light undergoes multiple
reflection and is directed tu the objective of the vertical dial
microscope 36, 35. Passing through the objective the light goes
through the prism 34 and the lens 19 and reaches the selector prism

20, and further to the optical wedges 16, 17, and into the optical



micrometer. The path of light in the optical micrometer is

dercrided above,

45, System of axes

The horizontal axis system of the instrument (Pigs.57,58)
includes the following components: the adjustable bearing 1, the
horizontal axis 2, the turntable bearing 3, the bearing bush 4 and
the alidade part of the vertical dial 5. One end of the horizontal
axis (in the CL position) runs in the adjustable bearing 1 which is
in the right-hand upright of the stand (see Fig.?70). The outer
diameter of the cylindrical part of the bearing is eccentric
relative to the inner diameter which serves as the bearing of the
horizontal axis. Therefore, by releasing three screws which secure
the tearing to the support upright, and turning the bearing, the
slope uf the horizontal axis can be adjusted relative to the verti-
cal axis of the theodolite. Between the adjustable bearing 1
(Fig.70) and the horizontal axis there is & gland. At the other end
the horizontal axis is supported by the turntable bearing 3 which is
seccured o the bearing bush 4 and the vertical turntable housing.
The axis of the alidade part of the vertical dial runs in the
bearing bush 4 (Fig.58) , there is another gland between the
horizontal axis and the cover of the verticsl turntable housing.

The system of vertical axes of the instrument (Fig.59)
includes the following components: the vertical axis 1, the vertical
axis main bearing 2, and the dial sleeve 5.

The vert.ical axis is screwed securely to the stand,(Fig.60)

and turns in its main bearing 2 (Fig.61) which is secured to the
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Flg, 51, Horizontal axis witn bearings and alidade part

1 « sdjustyo)e bearing; 2 = horizontal axis; J - turntable bearing; & - bearing bush; 5 - alidade
part; b - t. escope fixing screw; / - windov; B - winsow of bearing bush liziter,

Fig. 58, Horizontal axis systes
1. adgustig{c beari??; 2 ~ horizontal axfs; 3 - turntable bearing; & « bearing bush; 5 « alidade

part; escope fixing screw,



dial casing sleeve by three screws. The dial casing sleeve 6
(Pig.59) is attached to the carrier by three screws.

The vertical axis thrust-bearing 7 is located at the
botton of tr2 dial casing; 1t serves as a bearing for the spherical
end of the vertical axis. Pig.62 shows the dial sleeve with
horizontal dial and driving gear. The dial sleeve is fixed to the
vertical axis main bearing by a spring ring which rurs in the
half-ring 3 (Fig.61) and the dial sleeve and dial can turn around
the vertical axis main bearing. The dial is reset by turning the
knod 21 (Fig.4?7), on the axis of which is a drive which connects
the disl siceve to the gears.

The vertical pressure of the entire upper part of the
theodolite is only transmitted through tue vertical axis thrust
bearing (Fig.59) and there is hardly sny pressure on the side

surface of the vertical axis 1.

“é. Optical micrometer

The optical micrometer is used to make readings of the
horizontal and vertical disls. The horizontal and verticsl dials
are sub-divided at in‘tervals of 20', the micrometer scale has 6CO
divisions each of 1", and disrlacement of the acale over its entire
length corresponds to 10'. Ge-.eral views and individusl components
of the optical micrometer are shown in Figs.63, ¢4 end 65. The
opticsl micrometer is constructed as follows. All the parts of the
micrometer are secured to the base plate 1 (Fig.63), the slider 3
rurs in the guide 2, the rack S5 (Fig.65), the micrometer scale &

and the micrometer wedge mounting 6 sre all secured to the slider 3.
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. Frg. 53, Vertical anis systea

l - verifcal axgs; 2 - vertical anis main Learnn?; 1. sEllt ring; & - special dial retaining ring;
- dial bush; b - dial casing bush; 1 - verthcal anvs thrust pearing,

Flg. 60. Upper part of theodolite with vertical sxis



The rack 5 engages with the pinion 7 (Fig.64) on the drum of the
optical micrometer. As the drum turns the slider 3 moves on the
guide 2 together with the scale and the micrometer wedges. Above
the optical micrometer wedges there is a mounting 10 (Fig.63) with
the separating prism unit, and under its wedges the mouriing 8
containing the stationary wedges and the mounting 9 containing the
dial image svlector prism. As the micrometer wedges and scales are
securely Jjoined together defects in the mechanism suc1 as slackness

or play can have no effect.

Fig. 61, Lover part of theodolile

2 - vortical axis main bearing; 3 « half ring; & -
special dial securing riag with six retaining screvs,

Fig. 62, Herrzontal dial on bush
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The micrometer operates as follows. To make a reading on
the dials the images of the diasmetrically opposite graduations of
the dial ap. made to coincide. This is done by turning the
micrometer drum which is located on a common shaft with the pinion

7(Pig.64) B0 moving the rack 5 with the slider 3 (Pigs.63, 65).
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Fig, 63, Optical microaeter
g - aicroseter ?ﬂs.; 2 - gylde; e sll?or; b - nsfroneter scale; b - mounting with sicrometer vedges;
- sounting vith wedges; 5 - sounting tor dral selector prise; fo. agunting for separating-rriss unmit,
Movement of the slider alters the position of the micrometer wedges
go that the sighting rays are displaced until the images of

diametrically oprosite graduations coincide.
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Fig, 64, Micrometer base

2 o guiden; 7 = pinfon; B - sounting vith vedges; 9 - mounting with seleclor prisa,



After the opposite graduations have been made to coincide

dial readings are taken on the micrometer scale aginst the diaphragm

index.
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Fig. 65. Cosponents of optical microseter

& - ofcroaster scale; 5 - rack; 6 - aicroseter vedges; 11 - separating prise unit,
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Chapter 7?7

CHECKING AND FITTING THE INDIVIDUAL
COMPONENTS OF THE THEODOLITE ThB

The method of checking optical theodolite ThB bhefore
starting work is similar to that used in checking optical theodolite
CT-02. Therefore, we describe only the examination and adjust=ont
of the individual components of the theodolite ThB which is
nec essary when making repairs.

wWher an optical theodolite is repaired certain adjustments
are necesrary, rarticulsasrly if individual components or assemblies
have oeen replaced. On the ThB theodolite these adjustzente {include
fitting the horizontal dial, fitting the vertical dial, assembly and
adjustment of the telescope objective, adjustment of the optical
micrometer, fitting of the reading microscope prism, adjustment of
the ortical system of the horizontal disl microscore, checking the
angle between the horizontal axis of the telescope und the vertical
axis of the instrument, adjusting the optical system of the vertical
dial microscope, fitting the dioptric ring and fitting the graticule
Jus @8s8’in theodolite 0T-02, correcting hz of the vertical dial,
checking the collimation error, checking the opticsl plummet.

S-ecial lubricants are aprlied whilst the components are
teing adjusted and during final asserbly. After final assembly the

instrument is hermetically sealed by upplving a special compound

with a solderirg iron.



47, Pitting the horizontal dial

The process of fitting the horizontal dial of theodolite
ThB is similar to that of theodolite 0T-02, i.e., fitting of the
dial consists in centering it on the dial sleeve relative to the
vertical axis of the instrument. The dial eccentricity should not
then exceed 10", and the alidade eccentricity 20".

The dial with the lower part of the theodolite is set up
on a mpecial stand (see Fig.9). Slacren the six screws in the
epecial retaining ring 4 (see Fip.59) which clamps the dial to the
dial sleeve, centre the lower part of the theodolite relative to the
centre of the device. PFirst focus the microscope on the images of
diametrically opposite graduations of the disl, then orientate the
microscope on the graciations and proceed to centre the dial.
Displace the dial relative to the dial sleeve by the special screws
provided on the adjusting device. Continue centering until the above
mentioned requirements are met after which the six screws on the

special ring 4 are tightened to secure the disal on its sleeve.

48, Fitting the vertical dial

The vertical dial is set up on a special device (Fig.¢6) in
such 8 way that a line pasaing through diametrically opposite
graduations (90 - 270°) is perpendicular to the axis of the aperture
for the telescope in the horizontal axis.

A reasding is taken with & microscope in the first position,
it is then transferred to position 2 snd another reading is taken.
I1f tiLere is much difference betwecen the readings the dial position

must be altered. Checking is continued until the difference between



the readings does not exceed 3 - 4 minutes. This check makoas it

easier to reduce the vslue o "z of the verticel dial.

Vo

2
[ ]
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Fig. b6, Device for fitting the vertical Jial

2 « support for use when efcroscope s in the second positioen.

Pix to the devices shown in Figs. 9 and 10 the shaft which
carries the horizontal axis with the vertical dial. PFocus the

microscopes on the images of the gruduations and release the

clamping ring of the vertical dial, then centire the vertical dial.

The eccentricity of the vertical dial should not exceed 20". After

the vertical dial has been centred it is locked by tue special ring

with screws,
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49, Assembly and adjustment of
the teleacope objective

The optical system of the teleacope of theodolite ThB

onsists of a tele-objective, graticule and an orthoscopic eyepiece.
he objective consists of a two-lens actual objective and a two-lens
ocussing component (or focussing lens).

If 4t is required to replace the objective lenses and the
data required for opticul calculation are not available, it is
necessary to measure the following properties: the focal length,
the thickness of the lenses on the centre line, the radii of
curvature and refractive indices. The radii of curvature of the
lenses are measured with a precision spherometer. leasurenent of
the focsl length and refractive indices of the lenses is described
in Appendices 1 and 2. The menufacture of new lenses is based on
the results of the measuremern.a.

In assembling and adjusting the theodolite telescope
objective, the air gap between the first and second lenses of the
objective must be kept constant by adjusting the spacer ring and then
centering. If the spacer ring is vndamaged, tken ounly certering
is necessary after the objective has been assembled. Tc do this
the tube is first set up in an optical bench. Observe in the tube
a point located at the focus of the collimator of the optical bench
and determine the quality of centering. Good centering can be
actkieved, provided that the components are of good quality, by
turning the lenmes of the objective relstive to one another., After
centering the telescore optical system a mirror is set in the

collimator focus and it is observed in the telescope through the
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collimator and the quality of the image anrd the resolving power
of the telecscope objective are determined. The resolving power

in the centre of the field of vision should be of about 2".5.

50. Adjustment of the optical
micrometer

A general view of the opficul micrometer and its
components 18 shown in Figs. 63, A4, 65, First set the micrometer
wedges 6 (Fig.65) by means of the autocollimator and then make a
preliminary setting of the micrometer scale and the fixed wadges 8
in their mountings (using the au‘ocollimator),

The most important asssembly of the optical micrometer
in the theodolite ThB is the separating priam unit (Fig.67) which

conaists of the following parts. (a) rprism, (b) a wedge of 30',

(¢) a plane-parallel plate, (d) a collecting lens for the
reading microscope, (e) a priom for illuminating the micrometer
acale, (f) a plate which securcs the wedge to the prism.

The prlane of the wedfge to which the prism is cemented is
partially silvered, tous forming a nepnrating line betweecn the
imacens of diametrically ornosite graduations of the disl. The
oprosite plane of the wedge is completely silvered., The plane-
parallel plate (c) carries the diuphragms. All the components of
the geparating priem unit are cemented tocether. Cementing the

separating prism unit is a complicuted process bucause the following

conditions must be e%,
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Fig. 61, Dlagras of separating prise unit

The line of separation (the silvered edge) and the index
must be in the centre of the sperture of the diuphragm with a
tolerance of 0.05 mm. The line of separation must be parallel to
the edge of the diaphragm with a tolerance of 10'. The cemented
planes of the wedge and prism must be of high quality, and therefore
the cementing must be done accurately to avoid s~2ratching or other
damage. The outlet faces of the prism (a) and (e) must be parallel
with a tolerance of 10'. When the components are cemented there
should be an angle of 30' with a tolerance of + 1' between the flats
of the prism (a) and the reflectirc flat of tne wedge (b).

To protect the wedge ag1inst creep, the edge of the Jjunction
between the wedge and the prism ard also the pla*e  whicno
secures the wedge to the prism are recured with a mixture of fish-
glue and gypsum.

when tlhe quality of the cementing has been checked the

separating prism unit in its mounting is fitted in the micrometer.
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The optical micrometer is finally adjusted in the
instrument and the range of displacement of the micrometer scale,
its zero position, etc., are set, after which the scale, wedge,
and, also, the separating prisrc unit are finally locked. When the
optical micrometer has been adjusted, on looking through the
reading microscope the line of separation of opposite gradusations
of the dial should be In the centre of the diaphrarm and parallel
to its edge, tha micrometer sctle index should be in the centre of

the diaphragm and the micrometer scale should not be skewed,

51. Pitting the reading microscope prism

In adjusting the microscope opticual systems in theodolite
ThB it is very important that the prism of the resding microscope
should be correctly fi‘'ted, i.e. tne images of dismetrically
opposite graduati:ns of the dial should be uniformly lit and
arranged in a circle which in an inmuge of the free aperture of the
objective of the reuding microscope.

Before fitting the prism of the reading microscope check
the bearing planes of the prism mountings, .;he mounting with the
rdsm is then placed in the horizontal axis of tne irstrument. [he
prism of the resding microscope is sdjusted with the udjusting
screws of the mounting throurh the window 7 (Pig.57). The process
of fitting the prism is similar to that used in theodolite OT-02;
the inlet face of the prism should be rerpendicular to the axis of

rotation of the tube and the outlet fuce symmetrical with the

asperture of the readirg microscope.



52. Adjustment of the optical system of
the horizontsal dial microscope

Provided that the optical system of the reading microscope

and the optical micrometer have been checked, the adjustment of the

optical system of the horizontal dial microscope consists in

adjusting the optical system of the microscope objective,

The objective of the horizontal dial microscope 22, 21
(Fig.54) 18 first focussed, so that the dial graduations visible
the field of vision are sharp, by moving the objective und 1its

mounting along the axis. For this purpose unscrew the screws of

in

the cover 46 (see Fig.46), remove it from the stsnd und release the

screws which hold the mounting of the horizorcal dJdisl microscope
objective. Access is then available to the screws which secure
the mounting to the components of the horizontal disl microscope
objective.

The rrism 23 (Fig.54) which ¢transmits the images of the

dial graduations to the microscope objective is adjusted through

the window of the closed cover 47 (Pig.4r). WwWhen & sharp image of

the dial gracuations has been obtained adjust the alidade part of

the optical system of the objective; ¢to do this, unscrew the four

screws of the plate 48 (Fig. €8),remcve it from the stand and then

~ 4 <~

repove the leavel of tte borizuntul dial alidade. Werking through

the window, unscrew the screws which secure the mounting of the

Lol o)

prisms 26, 29 (Fig.5% ). Look througn ilhe resdiung 6ilIo8LORE N

£u

the lenses of the transmitting system 28, 27 until the intervals
equal and there is no parsllax between diametrically opposite

graduations of tue dial. The mounting with
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Fig, 68, Upper g’rQ of theodo'ite TR {housing of vertical turntadble, adjusting screvs and levels
resove

. o!*to‘ A9 - alidade bage; 0 - vorﬂtgal d'f‘ sicroscope objective; B - xtto for prisa unit which
transaits leages of vertical d1a) graduations to the sicroscope objective; A and ( - apertures for
adjusting objective and prise,
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1 and & « sountings wit' lenses of transailting systea; 2 and 3 - screvs; 5 and 6 « screvs which
seacure the alidade part in the vertical axis,



moved through the two apertures which are closed by the plugs P
(Fig.46). Unturn the plug P (from the side of the circular level)
unecrew the screws 2, 3 (FPig.69) which secure the lens mountings
28, 27 (Fig.%s).

The imagee of diametrically opnosite graduations of the
dial which ar- given by the horizontal dial microecope ohjective
should be in the centre of the field of the diaphragm whicn is
visible in the reading microscope and the graduations should be of
cyual 8izc ond porpcondiculer ¢o tha 14na nf sanaration. This is
achieved by adjusting the prisms 29, 26 and also by displacing the
prism 23. The run of the horizontal dial microscope is corrected
by altering the distance between components of the microscope
objective 22, 21. 1n preventing run the focus of the objective is
somewhat disturbed, consequently, during the process of adjustment
1t 18 necesssary to nake the image of the praduations sharp by moving
the objective mounting slong its optical axis. The amount of run
of the horizontal dial microscope should not exceed 1 division of
micrometer scale.

To correct run it is necessary: (1) If the number of
divisions on the micrometer scule ir greater than 600 the microscope
megnification is too high. Therefore increase tnhe distance between

Ny

the componants ol tue objeciive {&,<7)

[ VIR
'S

TR Yowhilat dianlacing

t:.e image of the dial gradustions by one division (by turning the
micrometer drum). (2) Reduce the distunce betwcen the components
of the microscope objective i{f the number of divisions is less than

600 because then the mugnification of the microscope is too little.



To determine what effect a change in the distance between
the components of a microscope objective of theodolite ThB has on
the magnification expressed in scale divisions of the optical
micrometer, let us denote the size of the hLalf interval between
the double graduations of the dial by 1

The micrometer scale hus 600 divisions each of s = 1 gec.
The calihration nf the micrometer scale exiressed as divisions of

tue disl is

l: P‘l’ ’
n \

My
N
~

where n 1is the half interval in angular measure.

In the focsl plane of the reading microscope the calibratim

of the micrometer scale expressed in disl divisions is
T = L3,

where B 1is the magnification of tue horizontal dial microscope

objective.

The half interval in this plane is
1, =1.3. (26)

Differentiating, we obtain:

. (27)
sy e 4

Suhatituting the value of dBf from formula (20), Section 31, we

have: dl, =1.K.d),
then dl, =1.K-d1),.

(28)
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Converting to finite differences, and bearing in miund

that in this case dl can be replaced by T , we obtain:

"ty kap,
n

3
dD = . (29)

where A - ¥ 54

X,
Vo

Formula (29) can be used to determine the minimum change

o L 4 -~ o N
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[d]

in dislance veiwecen OUJjeCUive CoLiTune
vertical dial microscopes of theodolite 1hB which corresponds to a
crnange in run of about 1 scale division of the optical micrometer.
In correcting run attention must be paid to preventing

parallax between the line of separation and the imuges of the dial
rraduations st the place where diametrically opposite graduations
coincide, wh:ch should be opposite to tne diaphragm index. To do
this, move the prism 23 through tue window under the cover 47
(Fig.46). After adjusting the optical rystem of the horizontal dial
microscope objective, the mounting of the lens of the transmitting

system 28, <7 and the mounting of the objective 22, 21 are f{inally

secured (Fig.54).

53. Checking the angle between the horizontal
axis of rotation »f the telescope and the
vertical axis of the instrument
The angle between the horizontal axis of rotation of the

telescope and the verticel axis of the instrumert is checked in the

following way: the theodolite is set up on a block or on a tripod.
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A rlumdb line is set up at a distance of 10 « 15 m from the
instrument. The vertical axis of the theodolite is brought to

the plumb pomition by means of the levelling screws and the
cylindrical level on the stand. Then the tube is aimed at the %top

of the plumb line so0 that the graticule in*tersection coincides with

the plumb line. The tube is then traversed down the plumb line and
it is8 observed wnether tue line and the hair lines cross. If this
haprens, then 1elease the screws which secure the base of the

opticsl micrometer to the stand and remove the micrometer. Kkeleusse
ne tnree screws which secure tne right-nand bearing to tne stand
(Fig.70) and move it. Since the outer diameter of the bearing 1is
eccentric relative to the inner, tne right-hand end of the horizontal
aiis is ruised or lowered as the btearing is turned, thus making the
necessary correction. The chec¥ing is continued until the sangle

betwveen the horizontal axis of the tubs and the vertical 18 correct.
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g, 70. Tele:cope, stand and cosponents of the axial systea of the horizontal axis

1 - adjustadble tearing; 2 « hor.zontal axls; J - Learing, & - Learing bush,



S4. Adjustment of the optical eystem of
the vertical dial microscope

Adjustment of the optical system of the verticsl dial
microscope consists in adjusting the optical sysntem of the
microscope objective, which must be focussed tefore adjuiting the
alidade prisms.

In order to move the obJjective along the axis, remove the
base of the cover 42 asnd the electric lighting switch 17 (see Pigs.
L7, 48). Then, working through the hole A (Fig.68) the objective
can be moved. Obtain a sharp image of the pgraduations and then
proceed to adjust the alidade part of the op*ical system of tne
objective of the verticul dial microscope. Look thLrough the reading
microscope and move the transmitting system lenses 43, 42 (Fig.54)
to prevent parallax between oprosite gradustions o1 the vertical dial
and make a setting Ao that the interveals betwecn the gradustions on
the opposite parts of the dial are equal.

The transmitting system lenses 43, 42 (Fig.54) are moved in
tue following way. Unscrew the four screws of the plate 50 (Fig.49)
and then unscrew the screws which secure the optical components of

the alidade part of the vertical diasl. The imuges of dismetrically

A

o
Q

opposite graduations of the vartical disl ¢ 1d ba in the centre o

£

the fiald of the digphragm visihle in the reuading microscope, the

P ) - - ~aas

(2]

graduations should be of equal size and nerpendicular to the line of
ceperaticon., This 45 acluleoved Ly udjusiing tue prism % snd the
change-over prism 20 (see Fig.54).

The prism 34 is acjusted through the hole C (Fig.68),

the salector priem 20 ig fi¢tted on the micromeler base and, therefore

[¢]

in adjusting the optical system of the objlective of tune vertical dial



microscope the selector prism position is moved in its mounting
us necessary, with tue micrometer removed from the instrument.
The run of the verticul dial microscope is corrected by altering
the distance between the components of the objective 36, 35 (Fig.54)
through tuae hole A (Pig.RB8), To ecorrect run follow the puidence
riven above, check for rnrallsx bte‘w-en the line of separation and
the images of the grad.ations on the vertical dial, and also check
the place at which the opposite graduations coincide,
Diametrically opposite gradustions should coincide opposite
the index of the diaphragm, this is achieved by moving the prism 3.
The amount of run of the objective of the vertical Adial
microscope should not exceed 1 scale division of the micrometer,
After adjusting the optical system of the ovjective of the vertical
dial microscope the optical parts are finally secured in tkteir

mountings.

55. Alteration of Mz of the verticul dial

Since the vertical dial is set not only relative to toe
horizontal axis of rotation but also in such a way that a line
passing through diametrically opposite graduations of the vertical
dial (0-1800) is parallel to tlhe visuul axis of the telescope, Mz
is altered in checking the level of the verticai dial alidade,.

The theodolite is first set on a level with the stand.
The telescope is then adjusted to the horizontul position by the
level of the vertical dial alidade and 8 rcading is made on the

microscope. When the ends of the bubble of the contact level

coincide the microscope reading should be QOO.



Aim tue telescope at a staff at a distance of 10 - 15 m
from the theodolite and take resdings. Then transmit the telescope
through the zenith and aim at the eame reading on the staff. The
reading on the vertical dial wnen the two ends of the contact bubble
coincide should tuen be 90°., 1If the ends of the bubble of the
contact level nave not coincided this is corrected by the sdjusting

eEcrews.,

wWhen the ends of the bubble coircide on the level of tne

v

1¢vel) the 1eadines on the staft and

Ve

vertienl Adigl a)d
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the microscope should 1emain unaltered. 1f adjustment of the level
correcting screws does not eive satisfactory results during the check

the prism unit 37, 38 (}ig.54) may be spurned.

56. Checking the collimation error
The collimaticon error is deteimined in the usual way and is
corrected by moving the graticule mounting. "he check is repeated

until the level collimution error 2¢c does not exceed 10",

57. Checking the optical plummet

The theodolite ThB is mounted on a tripod, the lcvelling
screws sre udjusted until the verticul uxis is in the plummet
position and tne tneoaol:te telencope is set in the verticul
position so that when the upper part of the instrument is turned,
there is no arrreciatle change in the focussing ring of the eyeplece.

A srall smooth board covered with paper is placed under
the tripod. A theodolite of any suitable construction, such as

type TT-5, ia sot up 10 mm away from the thmodolite type ThB.
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Sighting on the left and right generating lines of the eyepiece
focussing ring of the thevdolite ThB telescope, take readings on
the horizontal dial and set the alidade to tre mean position
between them. Then aim the telescope at the toard. The check 1is
made by two men, orne of them observes through the theodolite
telescope and the other, guided by the first, narks on the board
two roints which coincide with the vertical hair-line of the
graticule in tne upper and lower parts of the field of vision of
the telescore. The two points are joined to give a straight line
on the board. Then the theodolite ™-5 is set up at a distance o
10 m and at 8an angle of a0® to the theodolite ThB. It is again
sighted on the telescope eyepiece of theodolite ThB and two points
are narked on the board as described atove und joined together to
obtain the roint of intersection betw-en the two lines. Then,
whilst looking into the optical plummet, use the two correcting
screws, make the cross-hairs of the optical plummet graticule
coincide with the place where the lines cross on the board. This

check is made more quickly if there are cwo audditional tueodolites

which are rvet up at an angle of a0® to the theodol.te type ThB.



Chapter 8

LUBRIC..TION, MINCR CORRECTIONS AND
PROCEDURE FOR REPLACING INDIVIDUAL
COMPONENTS

58. Lubrication of aAxinrl eyetexns
and other asremblies

Tho axial systems of optical theodolite ThB are lubricated
with a special oil (see Section 38). Before lubricating the axis,
the bearinge and other parts of the horizontal and vertical axis
systeus ure carefully wiped with aviation gasoline and then dried.
The axial systems and, particularly, the vertical axis, must be

lubricated carefully so thdat no lubricant falls on the optical parts.

To protect the components againat pieces fulling off the
coating, and aginst the absorption of moisture, the sume compound
is used as was recommended for coating uv.e parts of theodolite OT-02
This coating 1s apprlied to the following components of the theodolite
ThB: the dial sleeve (gesar), the half rings and spring, the
internal surfece of the horizontal disl cusing. the mounting of
the level bulb, the inner surface of the staund, the base of the
micrometer, the inner surface of the vertical turntahla hounaing,
the telescope casing, the telescope neating places, the frame of
the focussing lens mounting (on the outside ', the cover of the

vertical turntable housing.
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Components near to the optical parts are covered with the
same compound as in theodolite 0™"-02. This is applied to the
following components and assemblies of theodolite "hB: the
mounting of the disl alidade prisms and of the vertical turntable,
rarts of the opticai ricrometer, the Ad{9l sleeve (‘he seatirg place

an?! clamping ring),the mountings of the objectives, lenses, and
borizontal and vertical dial micronscope prismgs, the telescope body,
the graticule mounting body, the tody of the reading microscope,
the eyepiece mountings of the telescore and the reading microscops,
the resding microscope prism mountings. The seuting places of the
ve-'.ical and horizontal dials, and slso the aslidade prisms &sre
wiped with a cloth which has been moistened with this lubricant.

To ensure that the instrument is hermetically sesled all
the joining parts which prevent access to the interior of the
theodolite are also coated with compound after final adjustment.
The following are tke join*s on the theodolite to whicu this ¢pplies
between the frame of the horizontul dial und the stand, between the
verticul turntable housing and the stand, between the base of the
nmicrometer snd the stand, between the cover of the vertical
turntable housing and the stand, between the horizontal axis and
tue stard, and the Jjo'nts between the telescope body and the
horizontal axis and with the objective mounting. The same compound
is used as for theodolite 0!-02.

All the covers and the frume which are to be coated with
compound must be wiped with a clean cloth and where necessary

pa inted.



59. Correction of defects in the
axial system

Cause of defects

The following difficulties may occur in the axial systems
-1en working with the theodolite ty;pe ThB: difficulty in rotating
about the vertical axis, difficulty in rotating the telescope or
Jarming of the verticasl axis system.

Difficulty in turning the axial system results from
thickening of the oil, which must be replaced. To do this the
instrument is dismantled and the old lubricant is removed from the
parts of the axial system by carefull; wiping with a cloth lightly
noistened with aviation gasoline und then with a clean dry cloth.
The parts of the axial systems are then lubricated with oil (see
Section 38) snd the theodolite is reassembled and adjusted.

Jamming muy occur in the vertical uaxis 3ystem as a result

of careless asgsembly durirg repair or as a result of dirt getting

between the parts. This wind of trouble can be corrected only

under factory conditions.

In correcting defects in the axial systems, or in replacing
the horizontal and vertical dials and other parts, theodolite ThB
is usually dismantled only as much as necessary.

Procedure for dismantling the lower part of the theodolite

Remove the buseplate, relessirg the lock, remove the optical
plummct und the carrier by releasing the three knurled sc-ews and
unturning slightly; undo the three screws - ith the red heads which
secure the dial cover to the t.aueodolite stand; curefully remove the

lower part of the theodolite (carrier with dial caeirng) from the



stand, taking care not to dsmage the dial and prismr (see Figs.
60, 61); withdraw the vertical axis thr.s* bearing (see Pig.59);
withdraw the spring with the half rings 3 (Bece Pig.61); remove
the disl sleeve with the dial an¢ pinion (Pig.62); undo the three
screws which Becure the vertical axis main tearirg to the dial
casing and withdraw it (sce Fig.50).

If the verticsl axis (Fig.60) 18 undamered do not
dismantle it.

The sequence for reussembling the lower part of the
tneodolite is the oprosite of that described,

Irocedure for diemantling tue uprer purt of the theodolite (telescope

anc horizontul axis).

Undo the sBcrew which secures the harge to the plate on which
the opticel micrometer and dial selector prism are mounted; remove
the optical micrometer from the instrument (see Fig.63); remove the
telesccpe ucdjusting screw 25 and the contact level adjusting screw
26; undo the acrew and remuve the casing of the contact level;
remove the priem from the condenser 15 (Fig.48) of the contict level
unscrew the contact level regulating screw; unscrew the three
screws whicin secure the level bracket to the stand and remove the
cor.tact level; wunsacrew the four screws which secure the electric
lifghting switch 17 to the stand (Figp.47), remove the electric
lighting switch ana the base of tne lower cover 42 (Fig.47); undo
the screws and remove the cover of the left-hand upright of the
stand (with rosition CL); wundo the screws on the tase of the
elect: .cal plug socvet; undo tlie screws of the clamp shan% of the

vertical dial alidade and remove it; undo the screws in the cover



of the vertical turntable housing; undo the two screws of the
bearing limiting bush (the bearing limiting bush is located in
window 8 of Pig.57% unscrew the four screws which secure the ver-
tical dial housing to the base, the opening for which is shown in
Fig.€8 with the frame of the vertical turntable removed:; undo the
two screws and remove the unit (for locuation of unit B see
Fig.68) in which are seated tue prisms 37, 28 (Fig.54) which
transmit the images of the gruduations of the vertical dial to t..e
objective of the vertical dial microscope; renove the base of the
verticsl dial alidade 49 (FPig.68); unscrew the screws which secure
thie bearing bush to the turntable bearing and :emove the bush;

undo the two screws of tne contact.ﬂys'cm A (Fi1g.68) and remove it;

undo the three screws with red lLeads which s8ccure tie hoirizontal

dial housing to the frame and remove the lower part of the
theodolite together with the housing and the dial; undo the screws
wh' ch racura tha ahdace: e mounting Sf L veslical Clul mlcroscore
o the stand; remove the vertical turntable housine, suifting

the sea'ing of tue objective of the vertical disl microscope
somewhat (Fig.6f shows the alidade ;urt of tie vertical disl with
the verticanl turntable housing removed); wunscrew the acrews of the
vertical disl sleeve and remove t.e sleeve from the vertical dial;
unrndc the screws which secure tne telescope clamp ard remove the
clamp; carefully separate the telescope and the horizontal axis
from the right-hand uprirfht of the stard (Pig.70); remove the cover
of the vertical turntable housiny from the horizontsl axis,
releasing the six screws; unecrew and remove the reading microscope

preesinrg on the catch 51 (Fig.49); undo the pcrewn of the cover and




through the hole 7 (Fig.57) undo the screws, and withdraw the
mounting with the prism of the reuding microscope; undo the three
screws und remove the shackle which fixes the telescore to the
readirg microseope; :emove the metal mirror, undoing the 'hree
screws in its head; unscrew the ring which secures the back-sight
firs' undoing the lock; undo che screw 6 (FPig.58) which secures
the telescope to the horizontal axis; withdraw the telescope from
the horizontal axis. Th.s completes tue dicnantlirg of the uprer
purt of the theodolite which ims necessury in order to correct the
defects in the horizontul axis sys'em. The upter part of 'he
*heodolite is re-sssembled in the reverse sequence to that described.

0

c*

Since the horizontal axis is the most complicated
dismantle for repair the disturbance of the udjustment may be more
serious.

In dismantling and assembling the lower purt of the

thandnlira i+t 4a cuffiniant tn nake A cheeck(n® the location cf e

place at which the graduations coincide, of tie run and parallax
in the horizontal dial microscope) but on dismantlineg and assembling

the upper part of the theodolite (tue telescore and horizontal axis)

the theodolite must be completely resadjusted.

60. Fepair of optical micrometer
The optical micrometer can be dismantled, for repair of
any defects which may have been noted, only in a workshop or factary.
Faults as<ociated with t.e adjustmen* of the opticnl micrometer are
corrected on the basis of the irstructions given above. 1f spare

parts are available t.ey can be repluced,
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The most complicated optical assembly is the separating
rrism unit. If any of the cemerting in the unit has come adrift
the recommendations made above must be followed.

1f the slider 3 (FPig.h3) is not running smoothly, dismantle
the micrormeter and chec% the guide 2. If dirty, the guide 2 and
the slider 3 must be curefully cleared. 1If there are deep scratches
or scoring on the surfaces of the guide or slider they must be
carefully removed with a scraper; the rarts must tnen be carefully
cleaned and lightly lubricated with watch oil.

Crossing of the micrometer scales is corrected in the
following way: release the four screws which secure tne arm which
presses on the micrometer scale ana set the =cale, Check the

accuracy of getting of the micrometer scale in the instrument.

$1. Replacemert c¢f horizontal und verticul
dials

Repluce the horizontal &nd vertical dials if they become
cracked or otherwise damuaged by accident. To replace the horizontal
dial the lower p.rt ot the theodolite must te dismantled, ana to
repluce the vertical dial the upper rpart mus! be dismantled. The
dismantling procedure is described above.

After the hadzontal or vertical dials have been removed,
wash their seatings in aviation gasoline and wipe them carefully.
Fit them by the procedure describted above. After thc dials have
been fitted, arsemble und adjunt tne opticsl systeus of the

horizontsl ana vertical disl microscopes (focus, correct parsllux,

run, ete.).
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Chapter 9

CARE OF HIGH }irCISION OPTICAL THEODOLITES
TYPES OT-C2 AND ThB DURING FIELD WCRK

62. Preliminary examination of instruzent
when vacked in case or box

Precision optical theodolites tyres OT-O2 and ThB are
complicated mechanisms which contain a ilarge number of optical
parts, all of wiich occupy definite positions in relation to one
another. Damage or displacement of any of the optical parts and
also of some of the mechanical asremblies and parts (adjusting
screws, micrometer knobs, etc.) that may result from shocks, or
dropping the instrument, can make it unsuitable for use, or imrair
the accuracy of the readines. Fileld-workers must therefore know
the rules for looking after precision opticual instruments.

when the instrument is received, tecome familiar with the
method of packing it into its box or case, study the method of
fixing the instrument with the clamping devices and the location of
all the parts in the correrponding sockets.

Theodolite 07-02 is packed into a metal case., Before
packing, examine the base of the case and its fixing to the cover.
On the case base there sre sockets for spare telescope eyepieces.
The teleecope is fixed with the objective upwards (Fig.?71), and the
centering plate and box with accessories are packed in a geparate

case (Fig.72).
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Fig, T, Thaodolite 0102 on the base of ity meta) carrying box

Theodolite ThB is packed in a box (Fig.?73), and, in
packing, the upper part of the instrument is put in relative to
the carrier in such a way that the red muarks 3 (Fig.46) are one
under the other; the telescope is fixed in such a way that the
eyepiece is8 in the uprer position and the telescope centre-line is
parallel to the vertical ar¥is of the instrument.

If, when the theodolite huas been packed, the box cover can
be freely closed, the instrument has been correctly placed, but if
it 18 difficult to close then the instrument has been put in
incorrectly. Wwhen the instrument is taken from the box or put into
it the box must »e kept 1id uppermost becsuse the theodolite and

certain accesrories which are in the box are not secured.
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Fig. 1/, Corrying case for centering plate and box with accessories for theodo!ite 0102

63. Transport of optical theodolites

Optical theodolite OT-02 (in 1tm fnam) and thesdslits
(in 1ts box) must te looked after during transport. The case with
theodolite OT-0C2 sbhould be kept bottom downwar.s, and the box
contai ning theodolite ThB with the handle upwardas. BSoft articles
must be packed underneath the case or box to minimise shock. For
transnort by truck or train, in addition to the boxes and cases
described, optical theovdolites should be packed in special transport
boxes which contain soft packing.

In packing for horse transport, theodolite OT-02 in its
case and theodolite ThB in its box, are wraonyed in canvas and tied
to one side of the horse., A similar counterweight of some kinu

shculd be secured to the other side of the horse. 1In places where



passare is dangerous the irstrument should be removed from the

horse and ca:ried. The condition of the case or the box and also

of the transport box should always be carefully examined.
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Fig, 73, Theodolite Th8 in box

When optical theodolites are removed from a cvld to a warm
room, or vice versa, they must bs left closed for three or four
hours (type OT-02 in its case and ThB in i{ts box) before use. The

box or case containing the instruments should not be put near

heating equipment.
when carrying the box with theodolite ThB or the casse with

theodolite OT-02, use the straps of the box or the shoulder carrier

for the casing of theodolite OT-02.




64. Moving optical theodolites to an
observation station

As optical theodolites are light in weight, and small in
size, it is much easier to move them to an observation station than
theodolites type TT 2"/6". When carrying theodolite OT-02, the case
with the theodolite 18 secured on a shoirlder carrier and the box
with theodolite ThB on a shoulder strap. The observer should
personally supervise the carrying of optical theodolites to the

station.

The following rules must be observed whilst optical
theodolites are at the statiorn. 1f intervals betweer, obgervations
are comparatively long, the *heodolite sghould be pucked in the box
or case. The box of theodolite ThB or the case of theodolite OT-02
should be covered with a canvas cover and tied to the observation

station table with a cord. The theodolite should not be left on

the statior table overnight or without supervision.

65. The care of optical theodolites in use
The procedure for setting up an optical theodolite on the
observation station platform is as follows: centre above the datum
point and firmly press the three feet of the centering plate into

the table, Then put the setting plate on it and 3crew up tight,
Ilace the theodolite ThB in i+ts slot and secure the lock. To

transfer theodolite ThB take the carrier in one hand and hold the

base in the otler.

Theodolite 07-02 is mounted on the centering plate by

screwing the theondolite, topether with the setting plate, on to
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plate. Carry theodolite OT-02 by tukirg the setting plute in one

hand and supporting the stand in the other.

In set"ing the opticul theodolite ths vertical axis of
the instrument must imrediately be brought to the vertical position,
at least arproximately.

The instrument should be cleaned of dust every day after
finishing work, the ends of the screws and sleeves srould be lightly
oiled und all the micrometer screws returned to the centre of the
threads. If the weather 18 wet and atmospheric conditions
unfavourable, all parts which are not painted or lacquered should
usually be covered with oil or vaseline,

If the instrument is standing on the station table or on

its tripod between operationrns, it must have its cover on.

66. Care of optical parts

Cptical parts must be protected against damuge. When
working with optical theodolites the lenses must not be taken out
of their mounts or the telescope objective unscrewed. If the
eyepiece is exchanged during the course of the work this should be
done quickly and carefully so tuat no dust gets on the graticule.

The outer surfaces of the lenses of the telescope objective,
eyepieces, etc., may be wiped wiivh a special old white linen cloth
which has been washed without soap, or with a fine linen cloth.
Clean cotton wool moistened with alcohol may he used provided great
care is taken that the slcohol does not get inside, since it dissnlvesn

the balsam with which the lenses and other optical parts are cemented.
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67. Care of the axial systems of optical
theodolites

Care in transportation is the principal means of
preventing damage to the axes of precision optical theodolites.
It is not possitble under field conditions to correct defects in

the axisl systems, this must be done in the workshop or by the

factory.
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APPENDIX 1

Determination of focal length
There are various methods of determining focal lengths.

For example, by using a telescope of known focal length set to

infinity. For this purpose, 8 plate carrying two lines is set in
the focal plane of the collimator at its known focal length in
such a way that the two lines are symmetrica! about the optical
axis. The distance betwcen the lines should be measured accurately
on a comparator or on a universal microscope.

The system to be tested ies set on the collimator ' xis,
The distance y between the images of the lines i measured by
meuns of an eyepiece provided with an optical micrometer or by an

eyepiece micrometer of known calibrations. We then have the equation

yy' =//s

from which we determine
-’
I 5’ /s (}0)
where f2 is8 the focal lenrth of the collimator; y' the distance

be*ween the lines on the plo'~ located at the collimator focus, and

f1 is tahe focal lencgth o! the system under test.

In formula (30) the quantity ig « k 18 constant for a
y

-

given collimator. Determination of focal lengths of systems 1is

therefore simplified; 41t consists in measuring the quantity y and
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calculating by the formula f, 5 x k.

Determination of focal length of the objective by the variabdble

magnification method

Special Zeiss and Bamberg focus meters exist for measuring
the focal lencths of an o!jective by this method but it is also
possible to use a simple Zeirs measuring microscope or an instrument
microscope with various attachments.

Determination of the fccal length of a system by the
variable mupnification method is tased on determining the
magnification for sevaral, and, at any rate, more -uan two different
positions of the obiect (scale) which ia on the principal axis of
*he systen under test. Here, the disturce hetween the positions of
the object and the sys'em under test (lens objective) should be
known.

The pcsition of the object (object scale) is altered by
means of a ring of tnickness d =« 20 mm , which is pluaced under tae
objective and, in measuring focal lengthe of lenses, by means of &
ring of thickness d, = 5 mm.

Six pairs of rings are prepared for the microscope
(dismeters of 10, 15, 20, 30, 40 and S5O mm) B0 that it is possible
to measure focal lengths of objectives and lenses of diameters up to
o0 mm and focal k'ngths up to 300 mrm.

Moreover, a millimetre scale is rarked on the microscope
tabla, or s separate scule is used. Before starting the measurements
the objective to be tested is set in such a way that the visual axis
of the microscore passes through the centre of the objective and

coincides with its optical axis. For ithis purpose, the microscope
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is focussed on a table with a acale and the graticule cross is
brought to the middle of the central graduation of the scale.
Then the objective(or lens) to be tested is carefully placed in
such a way that the image of this graduation occupies ‘the previous
position on the graticule. After this, the table is moved 2 - 3 mm
away from the centre by the micrometer screw (by an amount
equivalent to the entire free diameter of the system tested) making
up to three readings at eusch point of the scale. Thie is repeated
with the objective in a second pcsition when it is gset on a ring of
d « 20 m and the same gruduations are obscrved as in the first
position,

The mean of three readings is taken. The difference
retween the readings between symmetrical graduastions on the scale
is the size of the images y% and yé , and the difference between

the readings between the corresponding fraduations on the scale is

the size of the object 1y, and y, (Fig.74).
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Taking the ratios fﬁ and f} y and substituting their

values in the formula
d
Zg_

b4

/

IS

we find that f 4is the focal length of various zones ol the system.
If the differrnce between different zones is insignificant
i.e., the system is almost without aberration, andg fav is taken

as the mesn of all the vualues bty zones.
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APPENDIX 2

Measuring the refractive index of a lens
The refractive index of a lens may be measured in two ways:
(1) without altering tue shape of the lens (immersion method) and
(2) by making two flats on the free periphery of the lens. The
refractive index can be mreasured by either method without dsmaging
*he optical system, i.e., the lens can be replaced in the instrument.

In the first method a vessel with plane-parallel sgides is

fillec¢ with & mixture of liquids which is selected i1n such a way
that its refr.ctive index can be altered by scding one of the
components of the mixture, for example, kerosine and alpha-monobrome
naphthalene.

The vessel 15 set up between two telescopes set to infinity,
one of which serves as a collimator. 1In the focus of this one a
mirror is pluced which is observed in monochromatic light. When
the test lens is placed in the vessel the image of this mirror
becomes blurred. One or other of the liquid components is added
to alter the refractive index of the mixture until the image becomes
sharp again, then the refractive index of the mixture is equsl to
t+hat of the test lens. The refractive index of the liquid is
measured on a Pulfrich refractometer, not forgetting that the
refractive index of the liquid is very temperature sensitive. The

advantage of this method is tuat the lens is completely undamaged,
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its disadvantagen are (a) a great adeal of time is required to adjust
the mixture, (b) it is very difficult to hit on the instant whean

the refractive indices of liquid and lens are equal and (c) it is

not very accurate (third place of decimals).

The second method consists essentially in measuring the

refractive index of a rrirm and, therefore, the procedure is Jjust
the same as is used in measuring the refractive index of prisms &nd

is described below.

(1) lMessurerent of the refructive index of the lens by the minimum

angle cf deflection

Two flata are made on tue free periphery of the lens in
such a way thut the angle ¢ between the planes of the flats is
about 60° (Fig.75).

The pluanes of the flats should be parullel to the optical
axis of the lens and the aquality of the surfaces must be go d,
because if they are not parallel it i3 very difficult or even
impossible ti arcure auto-collination images from these pluanes; 1f
the quality of the surfaces is poor the asauto-collimation images eore

weak and blurred.

In this method tue lens is set in wax on the table of a
precision spectrometer. An auto=-collimation image of the Blot must
be obtained in tie auto-collimation eyepiece of the spectrometer
telescore. " his image eghould be on the level of the plane of the

flats. Tune ancle o! refruction is measured at 5 different positions

of the dial ('lable 9).
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Having determined the refractive angle, the minimum angle
of deflection & is messured for tho lines C, D and P. A slot
is set up in the focus of the spectrometer collimator. The
auto-coilimation eyepiece in the telescore is repluced by a
micrometer eyepiece in which the marnitude of the bisector may be
altered depending upon the width of the slot.

The slot is illuminated w.th monocuromatic light; a
Geissler hydrogen tube is used for the lines C wund F and with
a sodium burner or a spirit lamp with its wick impregnated with
ralt for line D .

The minimun deflection &6 is determined 88 follows. The
telescope is first simed directly at the collimator slot and a
reuding is mace on the disl (lables 10, 11 and 12). Then, by naked
eye, the image of the slot is obsmerved through the lens, the
telescope 18 brought up and the spectrometer table with the lens is
turned, and tke displacement of tne irage of the rlot is observed
through the telescope; tune image moves in the sanme dircction as the
lens until at a certain instant tle image of the slot stops and
begins to move in the opposite direction to the table (‘atles 10, 11
and 12).

This position is that of the minimum deflection and, the
telencope is aimed at the imafe or the Blot and a reading is taken
on the dial. Measurements are again taken in five positions (Tables
10, 11 and 12).

Having determined the refraction angle « and tne minimum
deflection angle & for the lines C, D and F , tune rerractzvé

index is calculated by the followine formula:
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This ;a a very accurate method and if the flats are
carefully prepared an experienced operator can determine the
refractive index to the fourth decimal place.

The results of measuremen-s given in Tables 9, 10, 11,
and 12 show that the lens in question was made of glass K-8.

(2) !easurements of the refructive index of a lens by the

reflection method

In this me.hod the measurements are made on a goniometer
without a collimator and with one auto-collimotion telescope. The
essentials of the method are as follows. Light which enters the
lens is reflected at a right angle from the surface of the second
flat and turns back upon itself (Fig.76).

There 1s a slot at the focus of the telescope objective.
Light which leaves it bcecomes parallel on leaving the objective and
sfter refraction througeh the first fl.t on tue lens reaches the plane
of the second flat. Here it is partly reflected and partly
transmitted outside the lens. 8Since only the reflected light is
used in the observation, the second flat may be silvered to improve
toe reflection.

The reflected light is refracted tnrough the “irst surface
of the flat and is focussed in the focal plane of tie telescope
objective to give an image of the slot which, depending upon tne
position of the reflecting flat, nuy lie either to tne right or to

the left of the slot and either in front of or behind it.



The lens position can be adjusted until the incident rays
are perpendicular to the plane of the second flat. Then the
reflected rays .ass back in the previous direction and the image
of the slo® coincides with the slot. The angle of incidence of
the light on the lens is equal to thne retuin angle of reflection.

The equation for calculating the refractive index is obtained from

the expression: a=-—o

“sne’

by substituting the quantity ¢ for a' , 1.€. a=——.




Reasuresents of angle of refraction ¢

Tedle 9

Feadings taken whilet odserving the flats

No of | I n
reading | wycroscope A t Microscope 8 Mean Microscope A | Microscope B Pean
[ I 25°89°30° 205°59°39° 25°59°34° 264°12°09° 84°12° 9° 264°12°05°
i S 31 36 185 31 39 S5 3137 243 44 18 Q4 17 2403 417
1 [ 340 11 4 160 11 34 340 11 39 218 24 18 38 24 18 218 24 18
1 ! ST 29 131 87 25 311 57 27 ; 19 10 07 10 10 04 190 10 0§
\Y 42 32 3 102 32 38 242 3238 | 160 45 12 340 45 14 1oV 45 13
| l
o8 =1—1l—121°%7°' 72"
¢ = 180% —9' g = 180° —121°47'22°
9 = 58°12°38°
¥ =29006 19"
2
Tadble 10
Peasureaent of angle & for 1ine C
‘ b
No of !
!_ ] 0
readiny Microscope A Microccope B Mean “{croscope A | Microscope B Rean
! 3590 57 un* 790577 1n° A5 -§7°12° J23°19 31 143°19°31° 323219°31°
I
1 ase 87 12 179 57 19 359 5716 | 32319 26 143 19 27 V197
l N
|
i | 3§ 57 1l 179 87 17 359 57 14 | 319N ' 143 19 25 3194
v \ 359 87 o 179 87 19 359 57 14 323 19 26 | 14319 77 323 19 20
| | I
!
Voo 35957 12 1749 57 16 359 57 14 32319 28 1431924 | 3231928
|
Mean 359°57°14° Mean 323%19°27°
bc=a-b=3631"41°



Teble N
Measuresent of angle o for line F

No of y b
reading Picroscope A “{croscope B Mean ®{croscope A Microscope B Hean
- ,’
| 359°87°12° 179°57°19° 339287 ' 18° 3722°)9°26° 142°059°29° 322°39°271”
1 359 710 179 57 18 895714, NPV 142 39 M 32239 34
1 339 87 11 179 57 18 35957 13 | 322 39 39 4239 33 372 39 31
|
AN 359 57 12 179 57 18 | 359 57 1§ 372 39 372 142 39 X6 J22 X M
l |
\% A59 57 13 179 57 19 359 87 16 322 39 32 14239 M I 322 3
i ' |
Mean 399°57°18° Mean 322¢39°'32°
0,=0 e bxI7017°43°
Table V2
Peasureaent of the angle o for line D
T
ool | : - s =
reading Nicroscope A | Microscope B Mean Microscope A Microscope B ' Nean
. — o - e A - N ‘
! . 339°57 10° } 179°87°17° 359°87°13° 323°06°40° | 143°06°46° 323°06°43°
Il 35 §7 12 179 57 1% 359 57 13 323 06 40 143 06 46 , 323 00 43
il 356 §7 13 179 57 17 359 87 18 323 06 4] 143 06 43 323 0o 42
v 389 87 14 179 87 1% 359 87 16 323 06 42 143 O 46 | 423 06 44
\Y 95710 L 179 87 1S 359 57 13 323 0 43 143 06 53 323 06 48
Pean 359°57°15° Fean 523°0% 44°
8p=12 - b=3%31"
i+
o =TT aind7°31734% _ 0,737588 —
Ch yin P Mn29°00°19° T V480416
on c_’_'f'_v 70457107
Np= — 2 _:llﬂf. 45.10‘_ = _07,7740?51: = 1.92185
sin =¥ n 2906719 0,4580410
2
AEORa
09¢c 1 qe g
ne = Z#nA702813% _ 0,736337 _ | g 400

ya ¥ 4n29°06719° T 0,4bod16
2

np — Ac = 0,00808.
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The requirements concerning the nrevaration of the flats

are the same as for the method of minizum srgle of deflection of

the light. The angle be'wern tyw flats should not be gresater than
the angle of total in'«.. refraction, so it should be between
20 and 30°.

Measurer.ent of the refractive index consists in meusuring

the angles ¢ and a . The method of setting the lens is tne same
88 in determining the refractive index by the minimum angle of
deflection. The angle ¢ '8 measured in the usual ..ay, snd the
anrle a 18 measurea as follows: By means of an auto-collimution
eyeplece the telescope is se* up perpendicular to the surface of the
first flat and the dial is read. Then *..e telescope is turned (in
some constructions of goniometer the diul is turned and tne telescope
is s*utionary) until the image of the slot reflected by the surface
of the second flat coincides with the actual slot and again a
readirg i{s taken on the dial. The difference between the readinge
fives the angle a . The accuracy of determination of refractive
index bty this method depends on the quality of the flats and the

exverlience of the onerator.
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